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PROJECT BRIEF 
Information provided by the Built Environment Industry Innovation Council as background to 
this project includes the following information on construction and innovation within the 
industry.   
• The construction industry contributes around $67 billion to GDP and employs around 
970,000 and generates exports of nearly $150 million.   
• The industry has one of the lowest innovation rates of any industry in Australia, 
ranking third last across all Australian industries in terms of its proportion of business 
expenditure on innovation, and second last in terms of the proportion of income 
generated from innovation (ABS, 2006). 
• Key innovation challenges include addressing energy and water use efficiency, and 
housing costs in preparing for the implementation of the Carbon Pollution Reduction 
Scheme. The sector will need to build its capability and capacity to deliver the 
technical and operational expertise required. 
The broader Built Environment Innovation Project aims to address the following two 
objectives: 
1. Identify current innovative practice across the Built Environment industry. 
2. Develop a knowledge exchange strategy for this information to be disseminated to all 
industry stakeholders. 
Industry practice issues are critical to the built environment industry’s ability to innovate, and 
the BRITE project from the CRC for Construction Innovation has previously undertaken work 
to identify the key factors that drive innovation.  Part 1 of the current project aims to extend 
this work by conducting a stocktake of current and emerging innovative practices within the 
built environment industry.  
Part 2 of the project addresses the second of these objectives, that is, to recommend a 
knowledge exchange strategy for promoting the wider uptake of innovative practices that 
makes the information identified in Part 1 of the study (on emerging innovative practices) 
accessible to Australian built environment industry stakeholders.  The project brief was for the 
strategy to include a mechanism to enable this information resource to be updated as new 
initiatives/practices are developed.   
A better understanding of the built environment industry’s own knowledge infrastructure also 
has the potential to enhance innovation outcomes for the industry. This project will develop a 
coordinated knowledge exchange strategy, informed by the best available information on 
current innovation practices within the industry and suggest directions for gaining a better 
understanding of: the industry contexts that lead to innovative practices; the industry 
(including enterprise and individual) drivers for innovation; and appropriate knowledge 
exchange pathways for delivering future industry innovation.  A deliverable of Part 2 will be a 
recommendation for a knowledge exchange strategy to accelerate adoption of innovative 
practices in the built environment industry, including resource implications and how such a 
recommendation could be taken forward as an ongoing resource. 
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INNOVATION IN THE AUSTRALIAN BUILT ENVIRONMENT 
Australia’s built environment is created and maintained by the construction industry. The 
statistical agencies of most developed countries define the industry quite narrowly to 
comprise only contractors. This definition gives a contribution to GDP of around 5-7%. 
However, using a ‘product system’ definition of the industry roughly doubles its GDP 
contribution to between 10-14% (Manseau 2004; Ruddock and Wharton 2004; DISR 1999; 
Marceau, Houghton et al. 1999). The expanded definition includes not only contractors, but 
also design consultants, building product manufacturers and facility managers. Viewing the 
construction industry as a product system provides a more comprehensive picture of the 
activities and actors that sustain Australia’s built environment.  
The Construction Product System is shown in Figure 1 which reveals the relationships 
between key activities and actors in the system. The regulatory and institutional framework 
shapes, and is shaped by, the supply network, project-based firms and projects themselves, 
with the technical support infrastructure playing a similar role. Many of the actors shown here 
are well known to industry analysts; actors like consultants, contractors, clients and 
distributors. Other are less often considered when the performance of the construction 
industry is analysed. These actors include financiers and insurers, for instance, who have an 
impact on the financial feasibility of innovations. If long-term positive environmental 
ramifications are not considered in return-on-investment calculations, then innovation may be 
constrained below the socially optimal level. Other actors not always considered in industry 
analyses include educational institutions, R&D institutes and unions. Education institutions 
need to provide up-to-date training opportunities to match the demands of emerging 
innovations. R&D institutes, on the other hand, play a direct role in developing, co-developing, 
and/or testing innovations. The role of unions can be more problematic, with the multitude of 
unions within the industry potentially creating rigid labour boundaries that impede innovation 
implementation. Figure 1 usefully collects these and other actors and activities within the 
system and provides background to our investigation of innovations within it and our 
formulation of communication strategies between system actors.  
This report identifies emerging innovations offering significant performance improvement 
across the Construction Product System in Australia. It also develops a knowledge exchange 
strategy to enhance uptake of innovation in the system. The study focuses on innovations 
with broad-based ramifications, across diverse sectors of the product system and over 
different stages in the supply chain.  
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Figure 1: Activities and Actors in the Construction Product System 
 
Source: (based on Gann and Salter 2000)
Regulatory and Institutional Framework
Activities: technical, economic, environmental and social regulation  Actors: 
government, firms, industry associations,  
pressure groups, local authorities etc. 
Technical Support Infrastructure
Activities : long-term technical development and support  Actors: government, education and R&D institutes, industry associations
Project-based Organisations 
Activities: design, engineering, 
integration, assembly/construction
Actors: consultant designers/engineers,
project managers, contractors, unions
,
Projects
Activities: commissioning and
using constructed products
Actors: 
clients/owners/users/ 
facility managers 
Supply Network
Activities : materials/components/ 
equip.manufacture/distribution; 
financing; insurance; legal advice 
Actors : manufacturing firms,        
distributors, financiers, insurers 
lawyers           
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PART 1: IDENTIFYING CURRENT INNOVATIONS 
Dr Karen Manley and Dr Timothy Rose 
Project Management Academy 
Queensland University of Technology 
1. INTRODUCTION 
Australia and the UK have undertaken numerous studies detailing the problems facing the industry 
(Cole 2003; Fairclough 2002; PWC 2002; Strategic Forum 2002; NatBACC 1999; Egan 1998; CIDA 
1995; Latham 1994; Gyles 1992). These problems include fragmented production, lowest-cost tender 
selection, prescriptive specifications, inequitable risk distribution, and adversarial relationships. These 
and related issues have negatively impacted innovation rates, so that the incidence of innovation in 
the construction industry compares poorly with other sectors, such as manufacturing (Reichstein, 
Salter et al. 2005).1 In the Australian context, research by PricewaterhouseCoopers (PWC) has found 
that our construction industry is slow to innovate, compared to other industries and other countries 
(PWC 2002). 
Persistently poor performance is also reflected in the fact that construction clients globally remain 
dissatisfied with typical project outcomes (Boyd and Chinyio 2006; Strategic Forum 2002). The answer 
to the industry’s continuing problems is said to lie in building a stronger innovation culture to improve 
the rate and quality of innovation across the construction system (Hartmann 2006). The industry 
appears to be moving in this direction, with an authoritative new book in Australia claiming that ‘there 
has been a significant improvement in the level and quality of communication and collaboration 
between stakeholders which is yielding initiatives that promise to lift future performance’ (Newton, 
Hampson et al. 2009, 9).   
Such improvement was kick-started by the Action Agenda program in Australia, and the Construction 
Excellence program in the UK. In Australia, the Building and Construction Industries Action Agenda 
led to the formation of the Cooperative Research Centre for Construction Innovation, which has 
created a more positive innovation culture within the industry, through initiatives such as the BRITE 
Project (STEM 2006). These beginnings need to be fortified over the long-term through ongoing 
government investment to correct continuing market failures such as uncertainty, asymmetric 
information, market power and external benefits. These market imperfections result in innovation rates 
that are less than socially optimal. Government investment is particularly important at the present time 
because the industry currently faces a new wave of challenges, as detailed below: 
1. Like many industrialised countries, Australia is currently grappling with the problem of a rapidly 
decaying built environment (Lewis 2009). Substantial infrastructure investment is required to 
alleviate this situation and innovation in products and processes helps ensure maximum 
value-for-money. 
2. Australia has recently emerged from the most sustained period of rapid economic growth ever 
witnessed (CEDA 2005). This experience strained existing infrastructure (see Box 1) and 
underscored our resource constraints in effectively constructing and planning the built 
environment. Innovation helps manage the risks associated with resource shortages by 
showing new ways of working smarter.  
3. Globally, policy attention directed toward climate change and environmental sustainability by 
scientists, governments, industrialists and community groups has never been greater (OECD 
Environment Directorate 2009). This creates challenges for reducing the impact of 
constructing and maintaining the built environment on the earth, requiring innovative solutions. 
4. The increasing frequency of weather-driven disasters, such as floods and fires, creates the 
need for new ways of building that can accommodate weather extremes.  
                                                 
1 By broadly interpreting the construction industry as a system, Reichstein et al. (2005) were able to 
ensure a fair comparison, as recommended by Winch (2003). 
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Given these challenges, innovative methods of constructing the Australian built environment have 
never been more urgently needed. The main underlying area in which innovation is required is in 
resource use. The idea that we have abundant natural resources, which once dominated economic 
thinking, is no longer useful. Acknowledgement of the finite limits to resource availability helps 
underscore the areas within the built environment where innovation will add maximum value.  
Thus with a focus on sustainability, this report identifies two broad classes of innovation – design and 
planning innovations; and material, equipment and machinery innovations. Figure 2 shows the sub-
categories that this report covers.  These innovations offer significant promise in terms of improving 
construction project outcomes and asset management. They do this by enhancing sustainability while 
improving efficiency, timeliness and quality through comprehensive engagement of the supply chain.  
Box 1: Focus on Infrastructure  
A crisis of inadequate Australian infrastructure in transport, energy, water, 
communication, health and education has emerged over the past 20 years (Argy 2008; 
CEDA 2005; DISR 1999). A recent CEDA report identifies a ‘deep-seated infrastructure 
delivery problem’ stemming from declining real infrastructure investment nationally since 
the 1980s (CEDA 2005). Despite other time series data showing a more positive picture 
(Coombs and Roberts 2007; Ruddock and Wharton 2004; Marceau, Houghton et al. 
1999), key commentators agree that Australia’s infrastructure stock is rapidly aging, 
compromising the economy’s productive capacity (BCA 2007; Coombs and Roberts 
2007; CEDA 2005). Engineers Australia claims that over the past 10-20 years, ‘there 
has been significant underinvestment in new infrastructure and that there has been 
insufficient attention to maintaining and renewing existing infrastructure’ (Engineers 
Australia 2008; CIDA 1995). 
Recent changes of government at federal and state levels have seen policy shifts to a 
much more proactive stance on infrastructure investment, with massive programs 
currently being launched nationally, and across the states. Indeed, Australia is now 
witnessing the early stages of an infrastructure boom (Potter 2008). The scale of 
expected infrastructure investment over the next 20 years is unprecedented in 
Australia’s history, resulting in significant challenges to efficient and effective delivery. 
Major capacity and cost challenges driven by rapidly escalating mining and construction 
activity have been experienced, and are expected to continue in the long-term despite 
the current turbulence in world financial markets. Although we face uncertain times, it is 
clear that in the long-run, Australia’s international competitiveness will require a 
significant boost to infrastructure spending. Against this backdrop, the effectiveness and 
efficiency of infrastructure projects is particularly critical. This is where innovation is 
critical – as a driver of improved project outcomes. 
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Figure 2: Selected Innovations, Australian Sustainable Built Environment Industry 
 
This selection of innovations was compiled following consultation with: members of BEIIC; the BEIIC 
Innovation Study Steering Panel; research leaders from the CRC for Construction Innovation; 
Australian academics in the built environment field; and editors of industry magazines. Leads from 
these sources were then cross-referenced with the most recent academic literature internationally; 
industry surveys; and government reports from the UK and Australia. The innovations selected for 
study all contribute in a significant way to meeting the four key challenges, discussed above, by (1) 
addressing the need for state-of-the-art infrastructure; (2) planning for resource shortages, including 
skilled labour, oil and water; (3) reducing our contribution to climate change; and (4) developing 
building innovations that resist fire and flood.  
Figure 2 is not intended as an exhaustive list of key sustainability innovations emerging in Australia. 
Such a task was not possible given the indefinite limits to such a study population, and the limited 
scope of the study. Readers will note the absence of many promising innovations, including on-site 
waste recycling, safety initiatives and regulatory developments. These and other innovations omitted 
from this report may be covered in future research.  
Sustainable Built Environment 
Innovation 
DESIGN AND PLANNING INNOVATIONS 
 
 
• Virtual building design and 
information modelling 
‐ 3D modelling 
‐ Construction Programming (4D) 
‐ Baseline quantities and costs (5D)  
‐ Direct fabrication 
‐ Asset Management 
• Off-site manufacture 
‐ Just-in-time 
‐ Lean production 
‐ Concurrent engineering and design 
‐ IT-enabled planning 
‐ Time- and space-based scheduling 
• Green urbanism  
‐ Sustainable communities  
‐ SlimCity 
‐ Urban informatics 
MATERIAL, EQUIPMENT AND MACHINERY 
INNOVATIONS 
 
• Passive building technologies 
‐ Passive lighting systems 
‐ Advanced insulation technology  
‐ Spectrally-sensitive glazing 
‐ Dynamic façade systems 
‐ Passive efficiency modelling 
• Sustainable products 
‐ Energy Innovations 
‐ Material Innovations 
• Extreme weather-proofing technology  
‐ Fire-retardant construction materials  
‐ Flooding and cyclone resistance 
‐ Disaster mitigation modelling 
• Control and monitoring systems 
‐ Building management systems 
‐ Automated project performance control 
‐ Machine guidance technology 
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Part 1 is organised around the innovations shown in Figure 2. For each of these innovations, the 
report provides (1) a physical description; (2) observations concerning system dynamics; and (3) 
observations concerning key diffusion determinants.  
Prior to launching into this discussion, it is important to understand the meaning of the term 
‘innovation’. The most authoritative definition is that provided by the OECD (2005) where innovation is 
considered to be a significant change in products, processes, work organisation or marketing 
methods. The changes may be new to the firm, sector or world. Figure 3 provides more detail 
concerning the OECD definition of innovation, and includes other authoritative views of innovation.  
 
Figure 3: Key Innovation Typologies  
Author(s) Type of innovation is 
based on … 
Categories of innovation  
OECD (2005) Output class Product – good or service 
Process – production or delivery method 
Marketing – packaging, placement, pricing 
Organisational – internal business practices 
The intention is that these OECD categories are 
mutually exclusive and that they cover all possible 
types of innovation output by firms. Product and 
process innovation tends to be technical/ 
technological in character. 
OECD (2005) Degree of novelty New to the firm – lowest degree of novelty – 
innovation adopted from within the industry 
New to the industry – innovation adopted from 
another industry 
New to the world – highest degree of novelty – 
previously unseen innovation – likely to be 
patented if technological in nature 
Harty (2005) Implementer’s control Bounded – innovation implementation can be 
contained within a single sphere of influence 
Unbounded – innovation implementation takes 
place in more contested domains 
Gopalakrishman 
and Bierly 
(2001) 
Knowledge 
characteristics 
Tacit/Explicit –  codifiability, teachability, 
observability, articulateness 
Systemic/Autonomous – extent to which 
knowledge components are linked with other 
components  
Complex/Simple – sophistication of knowledge 
[last two dimensions reflect Slaughter 2000] 
Slaughter 
(2000) 
Change in knowledge 
and change in system 
linkages  
(System linkages first 
addressed by Teece 
1986). 
Incremental – small change in knowledge and 
small system impact 
Architectural – small change in knowledge and 
large system impact 
Modular – large change in knowledge and small 
system impact 
System – large change in knowledge from a 
combined set of innovations and large system 
impact 
Radical – large change in knowledge and new 
system  
Mitropoulos and 
Tatum (1999) 
Decision making  
(Similar to Winch 
1998). 
Strategic – continuous monitoring of ideas, 
thorough evaluation of options, top management 
participation, seeking to maximise benefits 
[proactive innovation] 
Project – solution-driven innovation, limited 
evaluation of available options, seeking to minimise 
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consequences of failure [reactive innovation] 
Winch (1998) Source of idea Top down – new idea adopted by firm’s managers 
and implemented on projects [proactive innovation] 
Bottom up – new idea is the result of problem-
solving on construction-sites, which may be later 
learned by the firm [reactive innovation] 
Rothwell 
(1994)/Powell 
(1991) 
Process Linear/Firm-based – innovation process managed 
by a single firm 
Interactive/Networked – innovation process 
shared between firms 
Teece (1986) System linkages Autonomous – little system impact 
Systemic – large system impact 
 
Source: (Manley 2008a) 
 
The literature reveals increasing sophistication in the characterisation of different types of innovation, 
from simple distinctions between product and process innovation to more detailed categories along an 
expanding set of dimensions.  
2. VIRTUAL BUILDING DESIGN AND INFORMATION MODELLING 
Physical Description 
Virtual design technologies are shaping the way building and civil projects are being delivered and 
represent a major design innovation. These technologies enable information sharing across disciplines 
(Newton, Hampson et al. 2009) and are often referred to as Building Information Models (BIMs), and 
more recently Digital Models, with the latter term reflecting their application to the building and civil 
sectors. Digital models were initially specified in 3D, and are now being extended, with multiple 
construction management dimensions evolving from the standard 3D design model, such as 4D (3D 
design plus time) and 5D (3D design plus time and cost) (Haque and Mishra 2007). In fact, limitless 
dimensions are possible as represented in the expression nD. 
The evolution of advanced technologies such as 3D computer-aided design/drafting are allowing 
stakeholders across the construction supply chain to develop ‘fully-tested building solutions with 
confidence not just in building constructability but also in its long-term operational performance’ 
(Bailey, Brodkin et al. 2008).  The recent uptake of 3D modelling, in comparison to the traditional 2D 
drafting processes, has resulted in improved design coordination and detailing, helping the designer to 
optimise design solutions from a 3D perspective and resolve problems earlier.  
3D modelling provides the ability for integration of all design disciplines into one model with benefits of 
improved design coordination and consistency, and from a client’s perspective, allows end users to 
better visualise construction outcomes. As a product of the 3D model, a wide range of 2D drawings 
can be extracted for design development, construction and document control purposes.  
The basic 3D model forms the backbone for other virtual design systems, where modelling information 
can be further developed and supplemented to ensure that design is progressed in a consistent and 
coordinated manner (Bailey, Brodkin et al. 2008). One such approach is the recent push for a shared 
central 3D model approach within the design and construction team. This approach requires agreed 
protocols on how the model can be altered and by whom. One of the major difficulties with this 
approach is the interoperability of various design and construction systems, as common system 
platforms are required to ensure design information is shared consistently. This approach also allows 
the overlay of architectural and engineering design outputs, which has traditionally been a challenge 
task with 2D design. By detecting and resolving architectural and engineering design ‘clashes’ early, 
major rework is prevented and stakeholder confidence in the design development process is 
improved. 
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Digital models allow for the vertical integration of the entire supply chain, with major implications not 
only for design and construction, but also for the ongoing management of the built asset throughout its 
life cycle. The extension of the standard 3D geometric model to incorporate a wide range of data can 
further centralise and improve design coordination and provide direct information to stakeholders on 
design, construction and asset efficiency. Although the possibilities of digital models appear endless, 
currently they are mainly used for: 
CONSTRUCTION PROGRAMMING 
By combining a ‘time dimension’ to the 3D geometric model (4D modelling), various ‘objects’ of the 3D 
model can be split and linked directly to a construction programme. This provides the construction 
team the ability to: 1) visualise the sequencing of construction activities and 2) identify potential 
bottlenecks (e.g. site constraints) to the construction process. As the achievement of construction 
milestones are very dependent on efficient sequencing (e.g. subcontractor critical paths), the ability to 
quickly visualise the sequencing of events linked to the 3D model can improve programme 
management. Not only does it aid in the management of the construction programme, but it is also a 
useful communication/dissemination tool for contractors, subcontractors or site personnel to assist in 
resolving constructability issues and emphasising staging requirements that impact on overall program 
performance. A further advancement of the added dimension of time to the 3D model is providing 
linkages to financial assessment data (5D modelling). Simply, by combining both programme and cost 
information modelling, financial implications to schedule and design changes can be assessed that 
can aid in the decision-making and risk assessment processes.  
AUTOMATED BASE-LINE QUANTITIES AND COSTS 
By extending the geometric information that has been developed by the designers in the 3D model, 
quantities and unit costs associated with each material and component can be extracted and verified 
and a representative cost plan produced. As the development of a manual bill of quantities and 
associated unit costs is time and labour intensive, this process has the potential to improve the 
responsiveness and coordination of design process to any cost discrepancies that may emerge.  
DIRECT FABRICATION 
BIM has the potential to provide fabrication data directly from the 3D model. This can eliminate the 
need for ‘workshop’ drawings as the fabrication data is sourced directly from the 3D design model, 
minimising associated time and cost. This data can be sent directly to off-site manufacturing plants to 
enable the fabrication of complex components and structures, then potentially linked to the 
construction programme model to aid timely delivery to site. 
ASSET MANAGEMENT 
Digital models are useful not only to design and construction processes but also to management of an 
asset through its lifespan. By incorporating the modelling data into an asset management database, 
asset managers have the option to easily retrieve asset information (specifications and planned 
maintenance history) and they can monitor asset conditions. By linking the 3D model to plant and 
equipment monitoring systems, managers can also centrally manage and respond to unplanned 
maintenance requirements or automatically evaluate energy efficiency against pre-determined 
benchmarks. This information is particularly useful in the early stages of an asset’s life cycle to identify 
any defects arising from the construction phase. One successful case of using 3D modelling to 
integrate asset management functions was the CRC for Construction Innovation’s Sydney Opera 
House Facility Management Exemplar project. This project demonstrated that a digital 3D modelling 
(incorporating the relationship of objects such as lifts, ventilation and fire systems) can also integrate 
FM functions like condition reporting, energy consumption and room bookings (CRCCI 2008). 
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Associated systems 
As digital models offer endless possibilities in the information that can be linked to the 3D model, a 
wide range of associated software tools have been developed for different applications. One such 
software tool is CRC for Construction Innovation’s LCADesign that can electronically calculate and 
chart the environmental impact of construction materials and building products. LCADesign analyses 
all elements in the 3D model using data from its comprehensive Life Cycle Inventory (LCI) database of 
building products and operations (Drogemuller, Egan et al. 2009). The software delivers an eco-
preferred result, enabling stakeholders to develop favourable eco-profiles that can be assessed in 
relation to the energy efficiency rating systems, such as Australia’s green star rating system.  
 System Dynamics  
Digital models are emerging innovations that offer significant performance improvement across the 
construction supply chain, compared to paper-based systems. These technologies provide greater 
integration across the various activities and actors shown in Figure 1, particularly improved linkages 
between project-based firms and the project. However, digital models, with their fully integrated and 
centralised virtual design approach, are destined to impact all the key activities and actors in the 
Construction Product System. Long-term technical development is currently being undertaken by both 
internal R&D programs within the private sector (particularly multinational firms that have been 
involved in ‘piloting’ virtual design-based projects internationally), and also by government-funded 
R&D institutes (such as the CRC for Construction Innovation). Further, clients have the potential to 
significantly increase the rate of adoption by specifying that designers and contractors are to deliver 
‘as-built’ digital models (Newton, Hampson et al. 2009).  
Diffusion Issues 
The close relationship between supply, design, construction and asset management functions 
(representing the entire built asset life cycle) will see the emergence of more extensive integrated 
design and construction information modelling tools. As a result of improved interoperability and 
software capacity over time, greater uptake and consolidation of virtual design systems across the 
built environment industries are expected to occur.  
Currently there remains an obstacle for uptake associated with interoperability and the integration of 
the large number of project-based firm systems. An international example of how this was overcome is 
the One Island East project in Hong Kong, whereby the client provided all hardware and software 
under the ‘Digital Project’ platform (Riese 2008).  A ‘3D coordinator’ was appointed, with the role to 
coordinate and supervise the 3D modelling through the central platform. This exemplar project was 
very successful and ensured that there was system interoperability and consistency in the design 
outcomes. This was of great benefit to the client as they had control over the design process, and also 
could easily integrate the design modelling information into their compatible asset management 
systems.  
According to Kiviniemi (2009), another major obstacle to the uptake of digital models is costs 
associated with the learning process and the need to upgrade hardware and software for project-
based firms. He also suggests that stakeholders often hold the erroneous view that the costs of 
adoption outweigh the benefits, and that they fear they don’t have the skills for successful adoption. 
The legal system is another complication according to Kiviniemi (2009), with the potential for loss of 
intellectual property as a major obstacle for uptake.  
A possible downside to substantial uptake of digital models is increased industrial disputes due to 
difficulties in establishing design accountability. Clearly, digital modelling technologies require an 
established protocol for who is responsible for design progression, yet standard protocols have yet to 
be established in Australia. A research project by the CRC for Construction Innovation, ‘BIM National 
Guidelines and Case Studies’ will begin to redress this situation when it is completed later this year. 
Another downside to this technology in its current form is the complexity and size of the files created 
by BIM that can result in major challenges in managing and storing building information databases. 
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Finally, client expectations that project stakeholders adopt interoperable systems can potentially 
exclude small to medium firms from tender processes. 
Recently, the American Institute of Architects (AIA) released E 202 – 2008 BIM Protocol Exhibit, 
providing a practical protocol for the use of BIM across a project. It specifies the progressive levels of 
BIM development and establishes protocols for conflict resolution, storage viewing and archiving and 
model ownership. This is an example of industry association support and development of BIM. 
Certainly, a coordinated approach to the use of virtual design tools (with the support of industry 
associations) would be beneficial to the diffusion of this innovation in Australia. This would include 
establishing common system protocols and platform interoperability standards, and also further 
disseminating the benefits that can be gained through ‘exemplar’ projects. As Australia’s largest 
construction client, the public sector also has the opportunity to take a leadership role in this process 
by specifying the use of virtual design tools in their projects, for private sector to emulate.  
3. OFF-SITE MANUFACTURE 
Physical Description 
‘Off-site manufacture’ (OSM) involves constructing structures in a controlled environment, then 
transferring them to their final destination. OSM is also known as off-site construction, off-site 
fabrication, or prefabrication. OSM has the potential to reap efficiency gains flowing from 
standardisation, pre-assembly and economies of scale, optimised through digital models and modern 
industrial techniques. OSM applies manufacturing concepts to the construction industry, making 
adjustments to account for greater fragmentation of actors and projects in construction versus 
manufacturing. The most authoritative contemporary authors on this topic are Gibb (Gibb 1999) on the 
UK context; and Blismas and Wakefield (2009a) and Manley (2008b) on the Australian context. The 
Australian work was funded by the CRC for Construction Innovation. 
One of the first substantive academic contributions on OSM was made in 1965, when White examined 
OSM case studies in the UK context. It can be seen then that OSM is a relatively old idea. 
Nevertheless, there are important emerging sub-innovations in the methods adopted to undertake 
manufacture and in the integration of this function with on-site activity. The new OSM involves a shift 
away from seeking gains simply from producing large volumes of standard products, to a broader 
application of the principles of industrialisation to the manufacture of products for construction-sites. 
Blismas and Wakefield (2009b) note that the new OSM processes include: 
• just-in-time manufacturing that includes effective supply chain management 
• flexible, agile, lean production systems 
• concurrent engineering and design for manufacturers that use various techniques and 
processes to enhance the manufacturability of the product 
• manufacturing requirements planning, manufacturing resource planning and enterprise 
resource planning systems, which are processes that are enabled by information technology 
• concurrent design, where communication among designers and producers (construction 
foremen, site supervisors, trade contractors) can significantly improve the efficiency of 
production, and 
• time- and space-based scheduling that facilitates keeping track of who is where, doing what, 
and when – this is especially appropriate for construction activities, as crews move among 
sites. 
 
Blismas and Wakefield (2009a) observe that ‘these approaches broadly aim to give more control over 
value specification and demand, whilst designing the process to eliminate waste and optimize 
efficiency: empowering workers and seeking continuous improvement.’ 
Growing interest in OSM over the last few years in Australia can be attributed to the shortage of skilled 
tradespeople to undertake on-site work, the environmental benefits of OSM, and the emergence of 
new tools that more accurately capture the benefits of OSM. In the past, the benefits of OSM were 
measured through consideration of direct costs such as transportation, labour and materials.  New 
OSM is justified on a broader range of cost items, including indirect costs such as crane use, 
  
 15
rectification work, waste management, pollution control, site facilities, and health and safety incidents 
(Blismas and Wakefield 2009a; Blismas, Pasquire et al. 2006).  
The products produced through OSM can be categorised in one of three ways (i) volumetric products 
– that enclose usable space such as toilets, plant rooms, or lifts, (ii) non-volumetric products – that do 
not enclose usable space, such as structural frames, cladding, internal partitions or pipe work, and (iii) 
modular building products – that form a complete building such as temporary/relocatable offices, hotel 
rooms or retail units (based on (White 1965). In Australia, framing and cladding elements are the two 
most common OSM products employed on projects (Blismas and Wakefield 2009a).  
System Dynamics  
To date, use of OSM is not widespread in Australia and ‘investment in OSM development  in Australia 
is largely non-existent’ (Blismas and Wakefield 2009a, p.73). Prior to 2006, there had been no 
substantial research into OSM in Australia. On the other hand, OSM has a high profile in the UK where 
there have been more concerted government programs to enhance its adoption. UK initiatives include 
research programs, government-sponsored forums, and communities of practice. Between 1997 and 
2001 total investment by the public and private sectors into OSM research in the UK amounted to 
around AUD$20m, with each sector contributing approximately half of the total (Blismas and Wakefield 
2009a). 
With regard to Figure 1, OSM is clearly centrally concerned with activity within the supply network, 
linked to project-based firms and projects. The key actors are manufacturers, consultants and 
contractors. Also, the UK example points to the importance of the technical support infrastructure in 
improving adoption rates.  
Diffusion Issues 
Manley (2008b) examines the diffusion of manufacturers’ products to construction projects and makes 
the following observations: 
Manufacturers are recognized as key drivers of technical innovation in the construction industry. They 
invest far more in research and development (R&D) than contractors or consultants, and are 
subsequently more likely to develop product and process innovations (Gann 1997, p. 9). The 
effectiveness of their innovations, the ease with which they can be implemented, and the timeframes 
for adoption are influenced by the strength of their relationships with project participants and end 
users, and associated knowledge-flows (Larsson, Sundqvist et al. 2006; Gann 2000). Unfortunately, 
manufacturers supplying the construction industry often have poor relationships with project 
participants and end users, in part because manufacturing firms have not traditionally had a direct 
relationship with work on construction-sites (Larsson, Sundqvist et al. 2006; Gann 1997). Construction 
demand for manufacturers’ products has been generated by manufacturers providing information 
primarily to consultants and specifiers, with manufacturers having few direct linkages to contractors 
and site work, resulting in constructability problems. This dynamic has constrained the contribution of 
manufacturers to construction projects. Indeed, Larsson, Sundqvist et al. (2006, p. 561) conclude that 
building component manufacturers, compared to other manufacturers, have relatively “[low] product 
development capacity [that] appears to be related to their low level of communication with actors in the 
building process”. 
However, there is an emerging trend for manufacturers to be directly engaged in site work, providing 
the opportunity for closer relationships with project participants. The factors underlying this trend 
include the increasing complexity of: products offered by manufacturers, the required transformation of 
products on-site, the required integration of products with other components, client demands for ‘total 
package’ solutions, and contractor requirements driven by quality assurance concerns (Gibb and Isack 
2003; Manley and Marceau 2002; Gann 2000; Gann and Salter 1998).  
The role played by manufacturers on construction projects can be enhanced through client use of 
advanced procurement systems, the enhancement of technical competencies held by project clients, 
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more flexible performance-based regulations, and the presence of effective technical support 
providers within the Construction Product System (such as a CRC).  
Whereas Manley’s (2008b) study was an in-depth investigation of the role of product manufacturers 
across four project case studies in Australia, Blismas and Wakefield (2009a) looked less at the actions 
of the manufacturers themselves, and focused more on the determinants of OSM uptake. Based on 
workshops in Victoria, NSW, Queensland and WA, with participants representing the civil, commercial 
and domestic sectors, the authors rate the importance of various obstacles. The two most important 
obstacles are skills shortages and inadequate understanding of OSM in the industry. 
The shortage of on-site skills is partly the result of Australia’s recent history of very rapid economic 
growth, and is most pronounced in remote areas and major capital cities. Another problem is that OSM 
requires specific training, in addition to standard trades training. There is a need for higher on-site 
precision than tradespeople are accustomed to, due to the low tolerances of many OSM interfaces 
(Blismas and Wakefield 2009a). 
Another key problem is inadequate knowledge of OSM benefits in the industry. Consultants and 
contractors in particular have limited expertise in OSM. The activities of the technical support 
Infrastructure in the Construction Product System are at present failing to adequately support OSM 
development in Australia. There is an urgent need to redress this situation, particularly from a 
sustainability perspective. OSM achieves much higher efficiencies in the use of scarce resources than 
traditional construction methods, and OSM significantly reduces on-site waste, as observed recently 
by the Productivity Commission (2006). However, the move to greater use of OSM will not be easy as 
it will require ‘fundamental structural changes to the industry. OSM changes the way people in the 
building industry work, both in terms of process and product.’ (Blismas and Wakefield 2009a). The 
reallocation of resources associated with this structural adjustment would necessarily involve winners 
and losers. Construction clients would be clear winners, while contractors and tradespeople would be 
likely to lose on-site work opportunities. Benefits would be maximised if manufactured structures, 
components and equipment are produced in Australia rather than overseas. 
4. GREEN URBANISM 
Physical Description 
Global cities are entering a challenging period as a result of climate change, population growth, 
increasing levels of urbanisation and depleting natural resources. Currently, Australia is facing 
challenges in meeting global community obligations to reduce fossil fuel use and mitigate the effects of 
global warming, due to high greenhouse emission levels per capita in comparison to world standards. 
On a global scale, greenhouse gas emissions increased by 3.1% between 2000 and 2006, compared 
to an increase of 1.1% during the 1990’s (Garnaut 2008). This increase reflects the urgency for 
change in our approach to the built environment and the need for humans to reduce resource 
consumption despite population growth and urbanisation. This not only involves ‘technical’ sustainable 
actions (such as the use of sustainable and eco-efficient materials or design features), but also 
‘behavioural’ sustainability, i.e. positive human behaviour in relation to the environment (Williams and 
Dair, 2006). These two areas of action are closely interlinked and can heavily influence one another.  
Australia’s population growth is expected to reach between 30.9 and 42.5 million people by 2056 (ABS 
2009). As a result of population growth, rapid urbanisation is significantly increasing settlement density 
which can negatively affect the well-being of residents and place excessive psychological demands on 
them (van den Berg, Hartig et al. 2007). This translates into unhealthy communities with higher rates 
of psychological problems.  
The sustainable city movement or what has been coined ‘green urbanism’ is a concept that offers 
innovative approaches to dealing with rapid urban growth. A major challenge faced by planners and 
policy makers in Australia is understanding the complex spatial connections that define our built 
environment, particularly in urban areas. Thus, a coherent approach is required to integrate urban 
spaces across global, regional, city, precinct, building and building component levels (Pinnegar, 
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Marceau et al. 2008). Obviously this is not an easy task, but there is an increasing need for cities 
across all spatially connected levels to be developed in a sustainable way.  
Integrating sustainable ‘green’ systems into new developments is easier than retrofitting existing urban 
spaces and as such if ‘we [industry, policy makers, communities] can influence planning of new towns 
right from the beginning, we have a great chance to get things right’  (Lehmann 2008). This includes 
designing new developments that ‘can contribute both to the reduction of emissions and delivery of 
zero carbon development, and to the shaping of sustainable communities that are resilient to the 
climate change now excepted as inevitable’ (DCLG 2006).    
Green urbanism is an evolving field of research and its implications are yet to be fully understood 
(Beatley 2000). According to Beatley (2000), there are broad design characteristics that exemplify 
green urbanism (p6-8), in cities that: 
• strive to live within their ecological limits, fundamentally reduce their ecological footprint, and 
acknowledge their connections with and impacts on other cities and communities and the 
larger planet 
• are designed for and function in ways analogous to nature 
• strive to achieve a circular rather than a linear metabolism, which nurtures and develops 
positive symbiotic relationships with and between its hinterland (regional, national or 
international) 
• strive towards local and regional self-sufficiency and take full advantage of and nurture 
local/regional food production, economy, power production, and many other activities that 
sustain and support their populations 
• facilitate (and encourage) more sustainable, healthful lifestyles, and 
• emphasize a high quality of life and the creation of highly liveable neighbourhoods and 
communities. 
More specifically, according to the UNESCO Chair in Sustainable Urban Development for Asia and the 
Pacific, there are three key components (or pillars) of ‘green urbanism’ (Lehmann 2008) that affect 
built environment sustainability, and closely interact. They are as follows:   
• Energy and materials – comprising: embodied energy, material specification, supply chain 
integration, renewable energy solutions, energy sources and consumption, construction 
systems, prefabrication and recycling, energy efficiency, and resource management. 
• Water and biodiversity – comprising: urban water management, water recycling and irrigation, 
urban landscape typologies, maximised ecosystem biodiversity, grey water recycling; storage 
of urban stormwater, climate change impact management, and waste management. 
• Urban planning and transport – comprising: urban design, social sustainability, ecological city 
theory, health and walk-ability, mobility and public transport links, infrastructure, energy 
efficient buildings, mixed land use, housing affordability, reduced car dependency, and 
subdivision design. 
 
There are a wide range of innovative global initiatives that are currently promoting the evolutionary 
changes required for green urbanism. The following discussion outlines a few examples that we 
consider to be particularly novel, and promising significant system-wide impacts. 
SUSTAINABLE BUILDINGS AND COMMUNITIES 
Globally, it is estimated that over 70% of all greenhouse gas emissions originate from city buildings, 
and if changes do not occur in how the built environment industry procures and operates buildings, it is 
expected building energy consumption will triple by the year 2050 (WEF and Arup 2009). To curb this 
trend, policy makers, planners and designers require an integrated sustainable approach to building 
developments that go beyond individual building design issues and products.  
For example, sustainable community planning involves the close connection between energy 
efficiency housing integrated with community planning such as recycling schemes, public transport 
access, neighbourhood layout, and efficient use of public space (Bergman, Whitmarsh et al. 2007). By 
placing emphasis on community development and public engagement in the design of new urban 
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areas, a sustainable dynamic across an entire community can be encouraged.  This is achieved by 
integrating sustainable buildings within an environment that optimises functionality and user 
satisfaction, plus provides opportunities for residents to take a cultural shift in their behaviour towards 
sustainable practices – such as sustainable transport and recycling programs.   
Globally, increased attention is being paid to ‘carbon-neutral communities’ that produce zero carbon 
dioxide (CO2) emissions through efficient design and construction of buildings, infrastructure and 
operations (e.g. including on-site generation of renewable energy). According to research undertaken 
by RMIT on the development of carbon neutral communities in Australia, there is a need for a large 
research effort to realise the potential for carbon neutral communities and a requirement for further 
development of new technology to offset CO2 emissions (Horne, Bates et al. 2007).  
In association with carbon neutral community opportunities, advances in city Master Planning 
technology is improving how buildings interact within an urban environment and can assist planners in 
balancing social, environmental and economic parameters. One such technology is virtual city 
modelling (an expansion on individual building modelling) that can be used to assist in predicting the 
implications of future planning decisions on the urban form and function; and measure long-term 
energy use (WEF and Arup 2009).  
SLIMCITY 
At present, cities produce 80% of the world’s greenhouse gas emissions and consume 75% of the 
world’s energy (WEF 2008). SlimCity is an innovative initiative that is assisting in city resource 
management to counteract the effects of climate change, from a global perspective.  
The SlimCity initiative, developed by the World Economic Forum and launched in January 2008, 
provides an open forum for engagement and the exchange of ideas between city governments and the 
private sector, to support sustainability actions. The focus of SlimCity is to facilitate a risk-free forum to 
discuss sustainable development in areas such as infrastructure, IT, healthcare, food, waste, mobility 
and energy (WEF 2008). There is currently no time limit on this initiative and it will continue to run for 
as long as required to promote sustainable development.  
SlimCity Forums were used to conduct an international survey of 50 world cities in 2008 (WEF and 
Arup 2009). This survey aimed to identify sustainability issues that cities are focusing on and to 
develop measures to assist in the collaborative resolution of these issues (WEF 2008). SlimCity also 
aims to develop a set of performance indicators and eco-efficiency metrics to standardise performance 
assessment methods. Although simple in principle, it is expected that this initiative will promote a 
collaborative approach to actioning the common problems faced by cities across the world concerning 
sustainable development. 
URBAN INFORMATICS  
Currently, 50% of the world’s population live in cities and it is expected this will increase to 80% by 
2050 (WEF 2008). Due to increasing urbanisation, planning will play a critical role in shaping the urban 
environment to cater for these changes. New approaches are emerging that will assist urban planners 
in creating spaces that improve human habitat within the urban environment. These include the use of 
advanced information technology and mobile communication systems to monitor real-time 
‘performance’ of a city and improve levels of interactivity between humans and the urban environment. 
This interaction is founded in the principles of urban informatics.  
Urban informatics has emerged as a significant area of research over the past few years, requiring 
input from a wide range of disciplines, including information technology, social science, and built 
environment design (Williams, Robles et al. 2008). The premise behind urban informatics is that cities 
are living organisms and function with the rapid flow of information and communication across a wide 
range of infrastructure and social networks (Foth 2008). Analysis of the ‘urban anatomy’ requires real-
time research methods that integrate not only the levels of a city’s infrastructure, but also provide 
meaning to how the various anatomic systems interact and the interrelationships that are formed 
beyond its physical elements. This comprises the analysis of information and communication 
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networks, or what can be coined the ‘city of bits’ (Mitchell 1996), and most importantly, the interaction 
of city residents introducing socio-cultural factors to the study of the urban environment (Foth 2008).   
It is this interactive environment between people, place and technology that offer significant potential 
for innovation. Not only does technology offer innovative ways to communicate, interact and way-find 
(positioning) in the urban environment, but it can also assist in urban sustainability, such as 
information linkages between renewable energy producing devices.   
Urban informatics also includes the potential development of ‘digital cities’, where software and 
hardware is used to simulate urban environments through 3D visual interfaces; and provides city 
residents with a virtual space to conduct business or socialise (Foth 2008). A further advancement is 
the concept of ‘city augmentation‘, combining both the physical built environment with a ‘virtual’ built 
environment to improve urban efficiency. Such technological advancements offer significant 
opportunities in the evolution of cities in coping with environmental changes in Australia and 
internationally.   
System Dynamics 
Globally, major cities across the world are implementing integrated strategies to deal with climate 
change. For example, New York and London have committed significant resources to initiatives that 
reduce greenhouse gas emissions and integrate long-term economic and social strategies at 
appropriate spatial levels to combat climate change (Pinnegar, 2008). Similarly, new developments in 
the Middle East are aiming for complete energy self-sufficiency, such as United Arab Emirates Abu 
Dhabi’s US$22 million Masdar city, which will house 50,000 people and is expected to be the first 
zero-carbon footprint project of its kind in the world (Walsh 2009). Australian cities have also 
developed integral urban plans for policy direction over the next 20-25 years, such as the Sustainable 
Sydney 2030 Vision (City of Sydney, 2008) and Living in Brisbane 2026 Vision (Brisbane City Council, 
2006), both of which outline key sustainability targets and requirements to meet predicted urban 
growth and development. However, there remains concern over their effectiveness due to poorly 
coordinated and constrained governance structures. The lack of integration across governance 
structures has been identified as a major barrier to sustainability innovation in Australia (Pinnegar, 
Marceau et al. 2008).  
The application of green urbanism principles across the entire Construction Product System offers 
long-term social and economic benefits, and at the global level, can contribute to the agenda for 
environmental sustainability and combating climate change. In reference to Figure 1, these initiatives 
(in their fully integrated form), are designed to impact all the key activities and actors in the 
Construction Product System. Sustainability innovations that integrate urban spaces across global, 
regional, city, precinct, building and building component levels are currently driven by 1) material, 
component and equipment manufacturing (through advanced eco-efficient products); 2) technical and 
environmental regulations (such as minimum BCA energy performance standards and local 
government development requirements); and 3) design, construction and urban planning practice.  
A key element of the promotion of green urbanism in the built environment is the interest and relevant 
knowledge of the project-based actors. Project-based actors at the development level provide the 
expertise to integrate complex environment systems that determine optimal ‘green design’ solutions. 
Design coordination between project-based firm actors such as architects, engineers, contractors and 
urban planners is currently a key challenge in promoting green urban development, but is essential. 
Local government authority actors tasked with urban area planning play a key role in this coordination 
process, particularly providing the linkages between building and infrastructure system integration. 
Support infrastructure actors (such as education institutes and industry associations) are assisting in 
advocating the benefits that can be achieved through green urbanism and sustainable development. 
They are targeting awareness and education campaigns to a range of actors, with particular emphasis 
on clients and developers. One successful example of this is the recently released EnviroDevelopment 
system, produced by the Urban Development Institute of Australia (UDIA). This system aims to 
educate planners and designers on the holistic assessment process required for the promotion of 
sustainability principles in new residential sub division development (UDIA 2007). Similarly, with the 
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development of emerging urban modelling technologies by R&D institutes, urban planners and 
designers have greater confidence in the efficiency of their proposed urban design solutions. Such 
systems also have an impact on end-product actors (government/private owners and users), as they 
provide the tools for the ongoing monitoring of urban design efficiency. For example, urban informatics 
offers great potential to improve the integration between people, place and technology in urban areas.  
Diffusion Issues 
A major barrier to the implementation of innovations that promote green urbanism is a lack of training 
for government and private developers on the need (and benefits that can be gained) from sustainable 
development. According to Horne, Bates et al. (2007), legislative and economic instruments are 
powerful change promoters when applied in a consistent manner; however, the ‘persuasive nature of 
carbon-based lifestyles and work practices in Australia demands additional strategies based upon 
education, capacity-building and encouragement of voluntary measures’ (p.7).  
Technical support infrastructure actors have a major role to play in these processes, particularly 
education institutes and industry associations. Although many educational programmes in Australia 
are promoting sustainability at the individual development level, improved coordination across all 
actors in the Construction Product System is required to overcome the barriers to uptake.  
At the supply network and project-based firm level, current factors that are influencing the levels of 
uptake include demand for market share and shareholder perceptions towards green initiatives. 
Government policy on green energy generation and carbon trading schemes are key initiatives 
promoting change in demand and perceptions (Horne, Bates et al. 2007). Also, barriers to 
client/consumer acceptance of sustainable practices include perceived opportunity costs, 
convenience, reliability and maintenance cost, social status, perception of inferior products, and short-
term views on cost-effectiveness (Horne, Bates et al. 2007).  
In addition, there is currently a need to develop further understanding of the ‘cultural’ barriers to the 
uptake of green urbanism and sustainable development specifically from an Australian perspective 
(Moloney, Maller et al. 2008). As human behaviour is shaped by the norms and values of 
communities, it is expected that responses to various community engagement and education initiatives 
will require a unique approach to adapt Australian attitudes and cultural norms.   
Finally, cost is a major barrier to the uptake of sustainable development in the Australian built 
environment. Pinnegar, Marceau et al. (2008) recommend clients should take a ‘whole of life’ cycle 
analysis approach to the assessment of a built asset’s cost. This includes ‘estimating the cumulative 
environmental and social impacts of a building throughout its lifespan, from construction, to use, to 
demolition’ (p.27) (Pinnegar, Marceau et al. 2008).  
In response to environmental degradation and global warming, Australian governments can promote 
change through an integrated policy and research approach, i.e. tightening regulatory requirements for 
‘technical’ sustainability action, and investing in research and education programmes to promote 
‘behavioural’ sustainability. According to Kellett (2007), the effectiveness of government policy to 
promote the transition to a more sustainable future in urban areas requires ‘innovation, negotiated 
partnerships with market-based utility suppliers, novel institutions and a willingness to innovate on the 
part of local authorities and developers… [and] above all, community support’ (p.395). Thus, it is 
critical that both the social and financial benefits of sustainable development and green urbanism are 
made obvious to all built environment stakeholders. Another important role of government is in 
management of structural adjustment processes. As with any innovation with widespread system 
ramifications, there will be a downside to widespread adoption of green urbanism in the form of costs 
incurred by those who currently profit from environmentally inappropriate urban design.  
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5. PASSIVE BUILDING TECHNOLOGIES 
Physical Description 
Passive eco-design is a key element of a sustainable building and incorporates advanced 
technologies that represent emerging design innovations in Australia. The principles underlying 
passive eco-design aim to maximise the thermal comfort levels of the building occupants while 
minimising energy use and the need for mechanical heating and cooling systems (Ambrose 2009). 
Passive design targets natural energy resources, such as solar energy, to provide cooling, heating, 
ventilation and lighting to building occupants. Passive design principles can be applied to both 
commercial and residential buildings and can be applied to a wide range of conditions.  
As the design functions of a building are highly interdependent, it is important that designers take a 
holistic approach to the integration of passive eco-design technologies. Not only should the impact of 
integrating passive and active design technologies be considered, but an individualised approach 
should also be considered, taking into account the location of the proposed building, climate, 
orientation and expected occupant comfort levels. Further, as Australia has large climatic variations 
between regions and seasons, passive eco-design is required to be flexible to manage current climate 
fluctuations and future climate change predictions. Recommendations in this and related areas have 
been provided by three research projects funded by the  CRC for Construction Innovation: ‘Energy 
efficient subdivisions’, ‘Water efficient subdivisions’ and ‘Subdivision design for ventilation’.      
According to Ambrose (2008), the basic principles of eco-efficient passive design are: 
• Orientation – the design should provide for shading during summer and maximum solar gain 
during winter. This is a core principle of passive solar design and can significantly reduce the 
need for artificial heating and cooling. The ideal orientation for a building will depend on the 
climatic and regional conditions, but generally speaking, in hot humid or dry climates, 
orientation should aim to exclude sun all year round with design focusing on maximising 
exposure to cooling breezes. However, in cooler climates, a combination of passive cooling 
and solar heating is required. Such buildings are ideally constructed on a block running North 
– South to capture low elevation winter sun and the use of shading devices on the northern 
elevation to minimise high angle summer sun (Reardon 2008). 
• Layout and zoning – the design should provide internal layouts that place common areas to 
the north and provide good natural lighting and ventilation. 
• Insulation – the design should provide wall, ceiling and floor insulation to slow heat transfer. 
• Windows and shading – the design of window size and placement should aim to maximise 
natural light and passive solar heat gain, using shading devices to shield windows from 
summer sun. 
• Ventilation and draft proofing – the design should capture natural cooling breezes during 
summer and prevent the escape of cooling from air conditioning systems. 
• Thermal mass – the design should use ‘thermally massive’ materials to store heat and 
discharge it at night.  
• Landscaping – the landscape design should aim to maximise shading and capture breezes.   
Recently, the emergence of advanced ‘passive design’ materials and products has increased the 
options available to designers when designing eco-efficient buildings. The advancements in building 
product technologies have led to improved design methods that take advantage of building positioning 
and protect occupants from the extremes of Australia’s varied climate zones. The following provides a 
cross-section of emerging building technologies that are improving the passive eco-efficiency of 
buildings with the potential for uptake in Australia.  
PASSIVE SOLAR LIGHTING SYSTEMS  
A well-known approach to capturing natural light in a building is the use of skylights or solar tubes 
with reflective surfaces.  A recent evolution of passive solar lighting and the traditional skylight is 
the development of ‘Hybrid solar lighting’ (HSL). HSL applies a novel approach in capturing 
sunlight, channelling it directly into a room using optical fibres.  Currently targeting commercial 
buildings, this technology uses mirrored dish rooftop collectors that track the sun with the 
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assistance of daylight harvesting sensors. The dish then focuses the collected sunlight onto 127 
optical fibres, bundled into a single cord. This cord is then connected to special hybrid light fixtures 
that diffuse light in all directions. Currently, this technology has not evolved into a cost-effective 
lighting solution due to its technical complexity. However, with further development, it is expected 
that costs will fall by 50% over the next two years (Maxey 2008).  
ADVANCED INSULATION TECHNOLOGY  
Transparent and dynamic insulation are two emerging insulation technologies that have the 
potential to improve the passive solar efficiency of a building. Firstly, Transparent Insulation 
Material (TIM) represents a new class of thermal insulation that consists of a transparent 
honeycomb array immersed in an air layer (Kaushika and Sumathy 2003). TIM is solar 
transparent, yet provides good thermal insulation and prevents large radiation losses that can 
occur with traditional glazing. The material can also be used as an external building insulation 
layer. Secondly, dynamic insulation aims to capture escaping radiant heat through a permeable 
insulation layer. External air is then drawn through the insulation layer that forms the building 
envelope, and is heated as it passes (Dimoudi, Androutsopoulos et al. 2004). The system uses an 
‘active’ external fan to draw out air so that the internal space becomes depressurised to allow 
external air to be drawn through the insulation. This requires strict air leakage control as the entire 
system depends on adequate depressurisation. Although dynamic insulation requires a powered 
ventilation system and the technology cost profile is still problematic, it offers the potential to 
minimise radiant heat loss without the use of thick traditional insulating materials.  
INSULATE AND SPECTRALLY-SELECTIVE GLAZING  
Special glazing systems with low emissive or spectrally sensitive (SS) coatings are being 
increasingly used on buildings and can contribute significantly to the passive solar efficiency of a 
building. This technology modulates the glazing’s optical properties, allowing shortwave energy 
(daylight) to pass while limiting the absorption and loss of infra-red radiation (heat) within the 
pane. This results in significantly reduced heat loss through the glass and can act as a mirror to 
long wave radiation of building interiors (Mohelnikova 2009). SS glass can be ideally integrated 
into double glazing technology to maximise the control of solar radiation. Double glazing 
technology comprises two panes of glass with a sealed space in between to increase insulative 
properties. This space is generally filled with air or an inert gas and provides better thermal 
properties than a single pane.  
PASSIVE SOLAR WATER HEATING  
Passive solar water heating does not require any form of electrical pumping and can provide 
efficient hot water to residential dwellings in suitable climates that do not have lengthy cloudy days 
with high radiant temperatures (Biaoua and Bernier 2008; Badescua and Staicovicib 2006).   
DYNAMIC FAÇADE AND SHADE SYSTEMS 
Dynamic shade systems are a new innovative technology driven by the demand for transparent 
building façades and energy efficiency. They are used for the optimal control of solar energy. 
Generally, these systems include roller shades that move automatically to redirect sunlight and 
allow diffused light into a building space, while horizontal blinds automatically redirect natural light 
uniformly. These systems can be coupled with automated windows to allow for natural ventilation 
at certain times. They can also be linked with the simultaneous control of electric lighting, 
ventilation and air conditioning and can reduce energy consumption for lighting and cooling, while 
maintaining optimal thermal and lighting indoor conditions (Tzempelikos 2007). Each of these 
systems needs to be tailored to a specific climate, location and orientation. 
PASSIVE ECO-EFFICIENCY MODELLING 
Modern computer modelling technology has improved the optimisation of the passive building 
design process. This technology allows designers to model the thermodynamics and heat transfer 
properties of building materials, analyse climatic conditions (matching building design with specific 
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climate variations and solar orientation), and predict solar gain potential. Such emerging 
technologies are assisting designers to achieve significant building energy savings, while retaining 
functionality, thermal comfort and aesthetics. Secondly, designers can potentially evaluate design 
elements and passive energy efficiency prior to the commencement of construction on-site.  
Passive eco-efficiency is a key construction management dimension that can be incorporated into 
digital building models.  
System Dynamics 
Passive building design focusing on energy efficiency is not a new concept. Indeed, its principles have 
been applied for centuries in traditional building design, and in Australia, originated from the need for 
residential buildings to minimise the harsh climatic variations, without the option of mechanical heating 
and cooling systems available today. An early example of passive eco-design is elevated and high 
ventilation homes in hot and humid climates which take advantage of the natural cooling breezes.  
The benefits of passive eco-efficient building design are being increasingly recognised by the 
Australian construction industry and government. An example of this is the Australian government’s 
recent inclusion of mandatory requirements for residential buildings to meet energy efficiency 
performance standards. These standards have been facilitated nationally through inclusions to the 
Building Code of Australia (BCA) and supplemented through individual state government regulations. 
Regulations specifying commercial buildings’ energy efficiency requirements have been slower to 
appear than for residential buildings, but are now part of the current regulations (Ambrose 2009).  
Although these regulations focus on active systems (such as solar hot water, energy and lighting; and 
appliance requirements), passive design systems have been acknowledged in the regulations as an 
important component to an eco-efficient design solution which can significantly influence the overall 
operating energy efficiency of a building. Indeed, the BCA 5-star regulations require the rating of the 
‘thermal efficiency’ of a building envelope. Yet, there is still much to be done in this area. For example, 
the current thermal requirements in the BCA for Australian dwellings are still well below European and 
US building requirements. The comparatively low rating requirements in Australia are reflected in 
higher per capita domestic energy consumption in Australia (Ambrose 2008).   
Passive design has primarily been applied to the residential building sector in the past, with there 
currently being increasing interest in the commercial sector. Recent examples of commercial buildings 
that incorporate passive design principles have emerged. One such example is the CH2 building in 
Melbourne that uses integrated passive and active systems to control the indoor office environment, 
and is regarded as Australia’s ‘greenest’ office building (Ambrose 2009). The building utilises natural 
ventilation and thermal mass technology whereby the concrete ceiling slab absorbs excess heat 
during the day and releases it at night. It also utilises an underfloor convective heating system that 
forces warm air (captured partly from excess heat from a co-generation plant) through the office areas 
during the cooler months in Melbourne.  
The benefits of passive design principles coupled with advancements in passive solar technology and 
building products offer benefits to clients and owners in the improved long-term energy efficiency of 
their buildings. In reference to Figure 1, such innovations are driven by: 1) environmental and technical 
regulations (such as minimum energy performance standards and BCA requirements); 2) from 
material, component and equipment manufacturing (through advanced passive eco-efficient products 
such as those discussed above), and importantly; 3) through design, engineering, integration and 
construction. Without the interest and relevant knowledge base of project-based actors such as 
consultant designers, optimal eco-efficient design solutions will not be fully realised.  
Support infrastructure actors (such as industry associations and government bodies) are taking a 
leadership position in advocating the benefits that can be achieved through passive eco-design 
technologies. Awareness and education campaigns targeted at design and engineering professionals 
have been developed and implemented, with the Australian Institute of Architects ‘continuing 
education program’, and the Australian Government’s YourHome initiative being examples. Similarly, 
with the development of emerging eco-profiling and modelling technologies by R&D institutes, 
designers and engineers have greater confidence in the efficiency of their proposed design solutions. 
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Such systems also have an impact on end-product actors (owners, users and facility managers) as 
they provide the tools for the ongoing monitoring of passive energy systems (e.g. building thermal 
efficiency). 
Diffusion Issues 
There remain significant opportunities for the uptake of advanced eco-efficient design in Australia. 
Although new technology and products are emerging that support the development of passive energy-
efficient building design, uptake is not at optimal levels. Of note, in the housing industry, sustainable 
housing technology is being successfully deployed; however, its uptake is being significantly 
hampered by issues of awareness and communication in Australia (Crabtree and Hes 2009).  As such, 
the supply network and regulatory bodies (including government) should be focusing on packaging 
environmental products that are cost-competitive with minimum trade-off in functionality; and 
disseminating the full benefits of passive eco-efficient design (integrated with eco-efficient active 
systems such as  heating, ventilation and air conditioning). Also, increased specification by clients of 
environmental performance requirements in project briefs (including passive design requirements) will 
be of benefit to project outcomes. This will provide the information to the designers on what 
environmental performance levels are required to be met and prevent costly changes during design 
development (Watson, Cheshire et al. 2000).  
Other obstacles include a lack of incentives through regulation which perhaps could be made tougher, 
including the comparatively low building rating requirements for thermal efficiency in Australia, 
compared to other western countries  (Ambrose 2008). Raising performance standards will have 
downstream effects for clients to further consider passive design performance in areas such as natural 
ventilation and solar access.  
Despite the obvious benefits of eco-efficient building design, there are potential downsides to early 
adoption. These include potentially higher upfront costs to clients and the risks associated with sub-
optimal design performance once the building is constructed. In some cases, eco-efficient design will 
also require clients to compromise comfort, functionality and ease-of-use to enhance ecological 
sustainability. 
6. SUSTAINABLE PRODUCTS 
Physical Description 
World economic activity is expected to increase five-fold and global manufacturing activity to triple  by 
2050 (Matthews, Amann et al. 2000). With this predicted growth, increased importance is being placed 
on the development of sustainable products that minimise environmental impact, but also maximise 
performance, durability and re-use (Terry, Walker-Morison et al. 2007).  
As a result of increasing public awareness of sustainable development and legislative and financial 
drivers, manufacturing firms are developing sustainable building and construction products to meet 
growing demand. Simply, sustainable products in the built environment refer to building and 
construction components that have environmental attributes or a lower environmental impact than 
alternative products (Terry, Walker-Morison et al. 2007). Sustainable products can be stand-alone, but 
are mostly used as a part of an integrated sustainable design strategy; and selection is rarely made in 
isolation. For example, the selection of a spectrally sensitive glazing product (that reflects radiant heat) 
would be used in conjunction with an external shade product to maximise energy efficiency.  
Thus, a major challenge for designers and clients is the selection of appropriate sustainable products 
that are compatible in an integrated sustainable design solution. In selecting a suitable product, design 
considerations for the entire system should be considered such as: energy efficiency, water 
conservation, maintenance and durability, low-impact use and consumption (Terry, Walker-Morison et 
al. 2007). Construction and manufacturing considerations should also be taken into account such as 
distribution, efficiency in production and recycling. There are a large number of sustainable products 
applicable to the building and construction industry. The following discussion covers a selection of 
these, based on their expected system-wide impacts. 
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ENERGY INNOVATIONS 
Solar energy technology (Photovoltaic) 
Solar photovoltaic (PV) arrays generate electricity through solar energy with very little aversive 
environmental effects such as pollution or waste. Generally, they are also reliable products as they do 
not have moving parts, translating to ease of maintenance and long life spans. 
Although PV solar panels are not a new technology to the building industry (the base concepts of the 
technology date back to the early 1900’s), the technology is constantly evolving and is currently 
offering considerable benefits over earlier innovations. One of the major barriers to the widespread 
use of this technology has been its limited efficiency in converting light energy into electricity. But as 
the technology has developed, so has its efficacy, which is continuing to improve. The latest 
performance from a photovoltaic cell device saw 40.8% of light energy converted to electricity, 
achieved in August 2008 (NREL 2008). In Australia, the key market for this technology has been for 
‘off-grid’ systems in the industrial, telecommunication and agricultural industries, followed by off-grid 
building residential systems (ABCSE 2006). The off-grid applications for residential buildings include 
supplementing standard utility power and electricity backup. Large PV arrays have also been used in 
commercial buildings for offsetting power distribution during off-peak times. Recent cutting-edge 
research by scientists at the Australian National University (ANU) has developed transparent 
‘printable’ PVs on a thin film polymer (Stohr 2009). It is expected this innovative manufacturing 
process will not only significantly increase PV’s cost-effectiveness, but open up a range of applications 
on buildings such as glazing integration.   
Another emerging application of PVs is Building-integrated Photovoltaics (BIPV). Simply, BIPV refers 
to the use of photovoltaic materials as a replacement to conventional building materials, such as roofs, 
façades and glazing, thus improving aesthetics and integration within the architectural features of a 
building (Bhargava 2007). In the Australian building industry, this innovative approach has been 
successfully trialled and has proven to achieve valuable electricity generation under Australian 
conditions (Prasad and Snow 2004). It is expected the market for such products will expand as the PV 
technology further evolves.  
Small wind turbines 
Australia is known to have abundant and powerful wind resources, unrivalled in most of the world, 
which have yet to be fully tapped (Herbert, Iniyan et al. 2007). Wind technology has seen rapid growth 
worldwide (Price 2006) and wind power currently attracts the most investment in the renewable energy 
resource sectors across the globe (Boyle, Greenwood et al. 2008). The investment in wind power 
generation has mainly focused on large wind farming, but an emerging area of innovation is small wind 
turbines that can be used to supply remote, off-grid electrical loads on various built assets.  
Currently, the wind energy generation industry has invested heavily in large wind turbine aerodynamic 
profiling, with much less emphasis on the smaller wind turbines (Ackermann and Söder 2000). 
However, small wind turbine research groups are emerging due to the increasing government 
emphasis on self-sufficient energy generation. For example, the Australian Government announced in  
August 2008 it would provide funding for a ‘small wind turbine’ test centre at the Research Institute for 
Sustainable Energy at Murdoch University (Garrett 2008). Such research in Australia will assist in the 
development of small wind turbine technology to be used in the residential and commercial building 
sector. According to a global market report on small wind turbines by the American Wind Energy 
Association (AWEA 2008, p.9), the recent technology advances globally in this field include: 
• active pitch controls to maintain wind capture during high winds and automatic adjustments to 
blade pitch for best angles of attack 
• vibration isolators and slower rotor speeds to lessen sound (wind turbines are traditionally very 
noisy) 
• advanced blade design 
• operational capabilities in low wind 
• self-protection mechanisms during extreme wind conditions  
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• single models for on-grid and off-grid use  
• wireless display and software support 
• integrating turbines into existing structures such as utility poles, and 
• aesthetically more attractive designs. 
 
Wind turbines can be used not only for energy generation on residential buildings but also to power 
central air extraction/ventilation systems in large commercial or industrial buildings. A successful 
example of this latter approach is the CO2 building in Melbourne. The CO2 building has six wind 
turbines to power an air extraction system through ducts on the building’s north façade. The wind 
turbines were purpose-built and replace the requirement for electric fans that would traditionally power 
air circulation systems (ABSJ 2006). 
MATERIAL INNOVATIONS 
Advanced concrete technology 
Concrete technology has advanced rapidly over the last ten years. These advances have been in the 
areas of mixture proportions, aggregate materials, structural design, durability requirements and 
testing. However, many of these advances remain outside standard practice worldwide (Vanikar 
2004).  
One product that has gained greater acceptance in the construction industry is High Performance 
Concrete (HPC). HPC contains specialised aggregate and admixture materials that are combined with 
traditional Portland cement (with generally high cementitous levels) to assist in achieving high 
durability and strong compressive performance. According to Vanikar (2004), emerging refinements 
include: 
• the development of advanced chemical admixtures such as accelerators, retarders, corrosion 
inhibiters and water reducers 
• advanced supplementary cementous materials such as fly ash and silica fume 
• extended use of recycled materials in concrete, which are generally used as concrete and slag 
aggregates 
• new concrete mixture proportions, as a result of improvements in concrete batch trailing and 
research, where continuous grading and workability tests are gaining greater acceptance  
• new variations in concrete structural and durability properties suitable for specific conditions, 
e.g. high strength concrete for bridge design and durable concrete mixes for pavement design  
• advances in concrete test procedures (such as shrinkage and air-void testing), which  improve 
strength and durability outcomes, and 
• improved concrete construction control – including advances in curing processes and the use 
of software to monitor concrete strength development and prevent cracking.  
 
A recent innovation in supplementary cementous materials is a product called ‘Eco-cement’ developed 
by TecEco in Australia. Eco-cement replaces the calcium-base lime ingredient that is traditionally 
found in Portland cement with reactive magnesia (a form of magnesium oxide). The traditional 
manufacture of Portland cement requires high kiln temperatures to form calcium carbonate (and thus 
high energy use). However, Eco-cement can be kilned at around half the temperature (Pearce 2002). 
This decrease in energy consumption can be quite significant as it is estimated the manufacture of 
cement accounts for approximately 7% of total man-made carbon dioxide emissions (Pearce 2002).  
According to Pearce (2002), the greatest benefit of Eco-cement over traditional Portland is its ability to 
rapidity absorb carbon dioxide from the air when it has been cured through a carbonation process. 
Therefore, if Eco-cement is used to produce masonry blocks, it has the potential to remove carbon 
dioxide from the air much like the function of a growing tree. Other benefits include incorporating 
recycled materials as the aggregate without losing structural strength.  To date, this product has not 
gained wide acceptance within the construction industry and the base source materials remain 
expensive (e.g. magnetite).    
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Warm-mixed asphalt 
An interesting and emerging innovation in the road construction sector is a road surface application 
called Warm-Mixed Asphalt (WMA). Traditionally, hot-mix asphalt is created by heating a bitumen 
binder and aggregate to very high temperatures (around 170 degrees Celsius), which is then laid on 
the road surface hot and cures while it cools. Warm-mix asphalt (developed in Europe in the early 
2000s), uses a two-stage process, where firstly, the asphalt is made using a specialised soft binder 
that allows the binder/aggregate mix to be heated at much lower temperatures (approximately 120 
degrees Celsius); and secondly, a second binder is added (mainly a foam bitumen) that forms a 
combined mixture in similar grade to standard hot asphalt (AAPA 2001). The use of WMA can 
significantly reduce cost as it uses up to 30% less fuel (a major ingredient in bitumen). It also produces 
a third less carbon dioxide emissions and dust than traditional methods (Whelan 2009). Although 
testing is continuing to evaluate enduring performance, it is expected the warm mix may become a 
new benchmark for road construction worldwide (Whelan 2009).  
System Dynamics 
To date, the use of sustainable products has not been widespread in Australia, although this situation 
is likely to change in the near future. Project-based firms (such as contractors and consultants) are 
increasingly becoming aware of the importance of Ecologically Sustainable Design (ESD) for their 
future commercial viability, with many contractors expecting ESD and the use of sustainable building 
products to be mainstream in the next five years in Australia (Crabtree and Hes 2009). Also, as a 
result of the increasing emphasis placed on ESD by construction clients and government, product 
supply networks (i.e. manufacturing firms and distributors) are focusing on the production and 
distribution of sustainable products to meet increasing demand. Currently, this demand is creating 
specialised markets, comprising small to medium-sized manufacturing and project-based firms in 
many cases.  
With regard to Figure 1, sustainable products are clearly centred on the activity of the supply network 
(i.e. manufacturing firms and distributors). However, the development and implementation of 
innovative products in the marketplace is strongly driven by demand from clients and owners, and by 
users/facility managers who are concerned about long-term asset efficiency (e.g. life cycle cost 
savings). The uptake of sustainable products is also driven by project-based firms through a facilitation 
role. Project-based firms facilitate the diffusion of these products by prescribing to their clients the 
benefits that can be gained. For example, cost consultants can play a key role in promoting 
sustainable building options by quantifying the financial rewards and life cycle costing benefits to their 
clients and the design team (Clark 2003). Also, technical support infrastructure actors play a role in 
promoting the benefits of the innovative products at an industry level, and drive advances in product 
technology through research and development.  
Regulatory and institutional actors in the Construction Product System assist in driving technological 
development and in increasing diffusion rates. The use of innovative finance options and positive 
government incentives are currently major drivers for the uptake of sustainable products in the built 
environment – particularly the residential building sector. It is expected that once the incentivised 
products gain market penetration and the technology advances, economies of scale will potentially 
bring prices down. The recently announced Australian Government Solar Credit scheme offers a 
financial rebate for home owners, small business and community groups on the purchase of energy 
production systems up to 1.5 kilowatt capacity. This includes photovoltaic arrays, wind turbine and 
micro-hydro electricity generation (DEWHA 2009). It is expected that increased demand, competition 
and production volume may bring prices down. 
Government regulation also has a major role in the development and uptake of sustainable products. 
The Building Code of Australia (BCA) has incorporated minimum mandatory energy efficiency 
requirements for buildings, and Australian Standards dictate the minimum performance standards of 
products and new technology (such as minimum standards for the manufacturing of residential 
photovoltaic arrays). Also, local and state governments have their own building environmental 
performance standards to encourage ESD in their regions. The combination of these regulatory and 
financial incentive approaches has been successful in promoting the uptake of innovative sustainable 
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products in Australia; however, further education for project-based firms and the client/end users about 
the benefits that can be achieved may be beneficial. This would include both residential home buyers 
and commercial and government infrastructure clients.  
Diffusion Issues 
Innovation awareness is critical to the ‘technology transfer’ process. Many industry commentators 
agree that despite the increasing importance placed on ESD and sustainability, there remain barriers 
to wide spread adoption of these principles (and thus the acceptance of new products) (Crabtree and 
Hes 2009; McGee, Herriman et al. 2007). The  levels of diffusion of sustainable products that are 
commercially available (and are set to be rolled out) is partly influenced by regulatory and pricing 
mechanisms in the industry (Crabtree and Hes 2009). For example, a recent move towards the 
ratification of a uniform ‘feed-in tariff’ scheme in Australia potentially could improve the adoption of 
renewable energy-producing products (such as solar photovoltaic arrays) in the residential building 
sector.  Currently, all Australian state governments have their own feed-in tariff schemes that offer 
residents the opportunity to be paid a premium for their locally generated electricity, to be fed back into 
the main power grid. Usually, locally generated electricity is metered separately from household 
energy usage, and is offset at a higher rate than the retail cost of the electricity from the utility 
company (Wikipedia 2008). Recently, the Council of Australian Governments agreed to develop a set 
of national principles for new feed-in tariff programs (COAG 2008). Regulatory improvements to the 
feed-in tariff systems in Australia have the potential to increase the cost-effectiveness of local energy 
production (as a part of a building system).  
According to Terry, Walker-Morison et al.  (2007, p.12), some of the real or perceived barriers to the 
diffusion of sustainable building materials and products in Australia include: 
• sectoral conservativeness and slow building turnover, limiting exemplar projects to showcase 
new products 
• diversity of rating tools resulting in confusion over the evaluation processes 
• inconsistency in the industry’s response due to a lack of mandatory sustainability standards 
• high perceived costs, as cost evaluation is erroneously based on up-front costs, rather than on 
‘whole of life’ costs 
• inadequate in-depth knowledge to understand and assess new products and their integration 
and broader implications within the building system, and  
• the need for new mindsets including a willingness to revise design and construction processes 
and timeframes to accommodate new product ‘constructability’ requirements. 
 
The development of innovative sustainable products and processes are driven by the involvement of 
organisations large enough to absorb R&D and implementation costs. However, a major barrier to the 
development of these products is that the majority of the industry is made up of small to medium-sized 
firms who do not have the capacity to develop and implement such innovations in an emerging market. 
The industry needs to see the formation of new alliances between manufacturing and project-based 
firms to overcome cultural and resource obstacles to the development and diffusion of sustainable 
products and processes (Binder 2008).  
According to Crabtree and Hes (2009), a consistent approach is needed for dissemination of building 
product information (characteristics, costs and performance) to Australian designers and contractors. 
This includes improved collaboration and knowledge sharing to ‘dismantle the myths and confusion 
perceived to be surrounding the financial implications of widespread implementation of sustainable 
design aspects’ (p.223). It is expected that once the industry matures (and sustainable products gain 
greater acceptance), environmental performance will become a key consideration in the design and 
construction process and a consolidation process will occur (Terry, Walker-Morison et al. 2007). As 
more of the economy’s resources are diverted away from business-as-usual and into sustainable 
products, some firms will face short-term pain in re-shaping their businesses. Government policy 
initiatives can help firms make the necessary adjustments. 
  
  
 29
7. EXTREME WEATHER-PROOFING TECHNOLOGY 
Physical Description 
Global warming forecasts are predicting an increase in the frequency and severity of extreme weather 
events in Australia, resulting from changes to heat distribution and energy flow through world climate 
systems (PA 2008).  The greater incidence of extreme weather events is expected to affect not only 
the residential sector, but also vital economic and social infrastructure, such as hospital and health 
facilities and their capability to provide required social functions to Australian communities (Carthey, 
Chandra et al. 2009). 
In response, advanced building technologies are emerging that aim to further protect facilities from 
events such as severe storms, flooding and prolonged droughts resulting in further bushfire threats. 
Recent advances in the economic modelling and evaluation of disaster events on infrastructure 
systems (e.g. Chang, 2003) have assisted designers to consider the interactions between the natural 
and built environment in regions that are disaster-prone (Guikema 2009). 
According to Crompton, McAneney et al. (2008), 93% of building damage in Australia has been 
attributed to meteorological events, with NSW and Queensland most severely affected. As Australia 
has large climatic variations between regions and seasons (with specific regions that are prone to 
weather-related events), specialised technologies are emerging that have improved design methods 
tailored to the extremes of Australia’s varied climate zones.  Most notably, these technologies have 
focused on improving the resilience of facilities to bushfire, flooding and severe storm events. The 
following provides a cross-section of emerging technologies that are improving the mitigation of 
climate-related extreme weather events in Australia.  
FIRE-RETARDANT CONSTRUCTION MATERIALS 
Australia is prone to widespread seasonal bushfires due to high temperatures during summer months. 
As a result of the continuing expansion of urban areas into bushland (rural-urban interfaces) and 
increasing severity of drought conditions, risks associated with bushfires are intensifying, resulting in a 
higher incidence of property damage and loss of life. There is thus a need for construction materials 
that assist in mitigating the risks of bushfires on property (Marney and Russell 2008).   
Specifically, mitigating the risk of bushfires can be achieved by a balance between (i) the clearance of 
combustible material around a structure, (ii) modification of the building design to decrease the 
trapping of burning debris (embers) and (iii) the use of building materials that minimise ignition 
(Leonard and Bowditch 2003). According to the Royal Australian Institute of Architects’ Bushfire 
Design Guide (RAIA 2003), integrating design principles such as window protection, inbuilt water 
storage, fire-resistant materials, sprinkler systems and simple rooflines can assist in the protection of 
residential buildings from the threat of bushfires.  
A recent advancement in bushfire mitigation is the application of timber fire-retardant treatments 
(lessening the chance of ignition). These treatments have been flagged as an important area of further 
development and research in Australia (Leonard and Bowditch 2003). A team funded by the CSIRO 
has undertaken ‘proof of concept’ research aimed at developing a single-step fire-retardant and 
preservative treatment for timber structures. Due to the lack of a commercially available fire-retardant 
timber treatment in Australia, this research has developed a combined wood preservative and fire-
retardant treatment to be used in exposed outdoor construction applications (Marney and Russell 
2008). Although the innovation is yet to be field tested, it offers promise by improving the fire-retardant 
performance of residential housing in Australia, with particular benefits for bushfire-prone urban-rural 
interface areas. The need for improvement is great as the most common house construction type in 
Australia is lightweight pine timber construction which has no natural residence to fire (Marney and 
Russell 2008).    
Advanced glazing is another emerging innovative building material that can assist in minimising the 
potential for building ignition during a bushfire attack. As windows are the most vulnerable components 
to an exposed bushfire, the use of wired, laminated or toughen glass can decrease the effects of 
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radiant heat on a building (CSIRO 2000). Also, the use of advanced glazing that doesn’t shatter under 
the stress of severe heat can prevent the entry of embers which may ignite internal flammable 
components (Bowditch, Sargeant et al. 2006). Advanced fire resistant glasses (such as Viridian’s 
Frontline™ product) provide an alternative to toughened and wired glass. This product has a special 
coating to minimise the transfer of radiant heat and maintain the integrity of the glass to prevent 
shattering.  
Although advanced glazing options provide good protection, the use of aluminium and steel shutters 
that can be closed during a fire attack offer superior protection to this vulnerable area.    
FLOODING AND CYCLONE RESISTANCE 
In Australia, tropical cyclones dominate as the most destructive class of extreme weather events, 
accounting for a third of the buildings destroyed between 1900 and 2003, followed by floods and 
thunderstorms (Crompton, McAneney et al. 2008).  
Flood Resistance 
Flood resilient design and construction methods have been evolving over the last two decades. 
According to Laska and Wetmore (2000), evolving flood-resilient methods include: 1) elevation 
techniques whereby structures are lifted above flood lines;  2) dry flood-proofing, referring to methods 
that prevent the intrusion of water and; 3) wet flood-proofing, referring to methods that allow flood 
waters to flow through a structure without damaging structural integrity. Currently, a major difficulty 
with dry flood-proofing is managing the differential hydrostatic pressures between the flood waters 
outside and the structural integrity of a building. If such pressures become too great, structural 
damage can occur. Thus, dry flood-proofing is only appropriate for buildings with concrete block or 
solid masonry walls (Laska and Wetmore 2000). On the other hand, wet flood-proofing requires all 
internal items to be elevated and internal building materials (e.g. wall panelling, insulation, floor 
coverings) to be water-resistant to prevent internal damage. The use of carpet, ceramic tiles, linoleum 
and chipboard floor coverings are unsuitable in high flood areas as they absorb water and will require 
replacement once flood waters subside.  
Water ingress from the foundations of a building during a flood can potentially be more damaging to 
the integrity of a structure than through doors or windows (DCLG 2007). Recent water-proofing 
technology can assist in preventing water ingress. Such innovative technologies include spray-on 
liquid-rubber waterproofing treatments to the foundations or the use of water-proofing panels (such as 
bentonite clay panels) for high-risk areas (Kubal 2008).  
Cyclone Resistance 
In Australia, advances in cyclone-resistant construction since the early 1980s have significantly 
improved building performance under wind loads (Harper, Granger et al. 2000). The use of reinforced 
concrete and reinforcement of roofing connections (maximising structural integrity) has become 
commonplace in high-risk cyclone areas. Similarly, basic wind load design principles dictate that the 
physical geometry of a building will affect its aerodynamics under heavy wind loads. For example, the 
use of hip-ended, instead of gable-ended roofs can assist in directing wind flows. Geodesic dome 
housing is a recent innovative design that takes advantage of low drag coefficients to withstand 
cyclonic conditions. These ‘dome-homes’ are constructed from a sandwich panel system that is 
connected to form a seamless shell structure and can be linked together through corridors to provide 
multiple room layouts. One such building system in Australia is the Domeshells™ technology 
developed in collaboration with the Queensland University of Technology and funded by the Australian 
Research Council (Domeshells 2008).  
ENVIRONMENTAL MITIGATION MODELLING 
Modern computer modelling technology also has the potential to improve the design of built assets in 
high-risk areas. Specifically, this technology can assist designers in assessing the direct effects of a 
natural disaster on a design solution. An example of disaster mitigation modelling is the prototype 
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Virtual Reality Bushfire Tool. This tool was developed by a team at the Queensland University of 
Technology supported by Queensland Department of Public Works, and linked a fire propagation 
interface to a 3D CAD model. It allows users to run fire simulations on multiple building design 
configurations (Walker, Gard et al. 2006). Computer modelling software has also been developed to 
assess flood implications on infrastructure developments and assist in the direct placement of 
drainage systems and earthworks. For example, the Port of Brisbane Motorway Alliance project used 
advanced flood modelling software to develop strategically placed drainage systems to meet hydro-
ecology requirements of a floodplain/wetlands adjacent to the motorway (Manley 2004). 
Similarly, modelling systems have been used to evaluate the disaster mitigation strategies on 
infrastructure networks (such as hydraulic and electrical networks). Disaster mitigation analysis of 
essential ‘lifeline’ infrastructure assets remains a challenging task and needs to measure not only cost-
benefit implications, but also socio-economic benefits of specific mitigation strategies (Chang 2003).    
System Dynamics 
Extreme weather events have a significant environmental, social and economic impact on the built 
environment in Australia. Although risks associated with extreme weather events cannot be 
eliminated, advances in innovative technologies can assist in mitigating such risk. This can be 
achieved by the use of specialised construction materials and design strategies that limit property 
damage as a result of extreme weather events.  
The Australian construction industry and government are placing greater emphasis on the protection 
of built assets from the effects of extreme weather events. For example, in light of the recent Victorian 
bushfire tragedy, the Australian Building Codes board (ABCB) announced in March 2009 that they 
would be incorporating a revised construction standard in the 2010 edition of the Building Code of 
Australia (BCA). This revision will require new buildings located in high bushfire risk areas to have 
added construction measures (such as higher external resistance to ember attack). They are 
proposing a ‘science-based method’ to assess a building site’s potential for attack that in turn, 
determines the building standards required (ABCB 2009). Such an approach is regarded as a positive 
step for building regulatory reform in Australia. It is partly in response to international commentary that 
suggests building codes need to take into account differences in building locations and functions (e.g. 
Guikema 2009 on US building codes).  
Innovative construction materials and design processes, coupled with advances in extreme weather 
event forecasting, offer benefits to clients and owners in the long-term protection of their assets. In 
reference to Figure 1, such innovations are driven by: 1) environmental and technical regulations 
(such as BCA requirements) that specify minimum building standards in high-risk areas; 2) from 
material, component and equipment manufacturing (through emerging products to be incorporated 
into an integrated design approach), and; 3) through design, engineering, integration and construction. 
The uptake of an integrated design approach to mitigating the effects of extreme weather events is 
dependent on the acceptance and knowledge of the project-based actors such as consultant 
designers/engineers.  
Integrated design solutions require an in-depth knowledge of the surrounding environment and need 
to be tailored to suit the risk level of a specific location. Therefore, support infrastructure actors (such 
as industry associations and R&D institutes) have a key role to play in developing and implementing 
measures for hazard protection and risk assessment of built assets. For example, the Cyclone Testing 
Station (as part of James Cook University) advises government and industry on building practices that 
mitigate the risks associated with Cyclones in Australia (Middelmann 2007). Similarly, with the 
development of emerging disaster prevention profiling and modelling technologies by R&D institutes, 
designers and engineers can have greater confidence in the efficiency of their proposed design to 
meet building standards. The Australian insurance industry (as a technical support actor) also has a 
role in promoting the development and implementation of advanced building protection as a part of its 
risk assessment and insurance coverage requirements.  
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Diffusion Issues 
There remain significant opportunities for the development of advanced design and material solutions 
that mitigate risks associated with extreme weather events. Although improvements in building design 
are currently being driven by the reforms in Australian building regulations, research into developing 
retardant building materials in withstand flood, fire and storm loads requires further attention. One 
such area is research into the optimal locations for telecommunication and electrical services in 
Australian flood-prone buildings (Middelmann 2007). Further emphasis on site location specifics in the 
BCA regulation is also required (similar to the proposed changes to the bushfire prevention measures 
proposed for the 2010 edition of the BCA). Although advancements in weather proofing technology 
have the potential to impact greatly on the safety and well-being of building owners, a downside is the 
potential for increased upfront construction costs, particularly in areas that are deemed as high risk by 
the BCA, as these will require more stringent construction standards in the near future.  
Bosher, Dainty et al. (2009) argue that the development of more effective decision support tools is 
urgently required in the UK to enable clients, designers and contractors to make informed decisions on 
the integration of weather mitigation strategies (such as flooding damage prevention) into design, 
construction and operation processes. There is also the potential to benefit from such investment in 
Australia, building on the early modelling work that has been undertaken here. 
 
Finally, R&D institutes and government agencies (as key technical support actors) have the 
opportunity to further develop robust information databases on the effects of extreme weather events. 
The consistent collection of post-disaster assessments can provide more robust comparisons between 
the effectiveness of risk mitigation strategies and outcomes, and inform the development of future 
environmental mitigation modelling techniques (Middelmann 2007).  
8. CONTROL AND MONITORING SYSTEMS 
Physical Description 
Construction control and building monitoring systems represent rapidly growing areas of innovation in 
the built environment industry. Automated construction control systems assist in the delivery of 
construction projects by providing project managers with automated ‘real-time’ status of performance. 
Due to advancements in computer-aided technology, real time project information is helping managers 
to take timely corrective measures and reduce the impact of problems that occur during construction. 
The technology also decreases the need for manual information collection. Manual systems are more 
time consuming and inaccurate, with the potential to cause schedule and cost overruns (Navon 2005). 
Control systems are also assisting the construction process by automating construction functions such 
as machine guidance and control in earthworks.  
With regard to the completed built asset, advanced building monitoring systems provide facility 
managers with real time functional performance information. This impacts day to day operations, and 
allows managers to accurately monitor the efficiency of building systems integration over time, in 
areas such as environmental control (Mustafa and Bansal 2002). The following discussion covers a 
selection of control and monitoring innovations, based on their novelty and on their expected system-
wide impacts. 
BUILDING MANAGEMENT SYSTEMS (BMS) – For ongoing asset management 
Advancements in asset control and monitoring systems have been driven by an increasing need for 
occupant control over the building environment. The established literature on ‘intelligent’ building 
integration has identified the need for building service controls to be fully automated to maximise 
technical performance and operating cost savings, and to allow performance adjustment to suit the 
desired occupancy environment (Wong, Li et al. 2005). The literature focuses on the integration of 
various building services to optimise overall building performance. According to  Arkin and Paciuk 
(1997), the effective operation of an intelligent building is dependent on its ability to integrate various 
building service systems at three core levels, comprising: 1) the provision of building operations; 2) the 
integration of the key building systems such as the building automation, energy management and 
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communication systems and; 3) linked subsystems such as the HVAC (Heating, Ventilation, Air 
Conditioning), fire protection, lighting, security and vertical transport systems. 
Technology advancements in Building Management Systems (BMS) are allowing all building service 
control to be incorporated into one unit. Such systems provide a variety of functions including 
automatic switching on/off of plant and equipment, monitoring of equipment status and environmental 
conditions and fault detection. Furthermore, with the increased use of the internet, remote monitoring 
functions allow facility managers to obtain information on the status of an asset from any location 
(Mustafa and Bansal 2002).  
BMS technology is rapidly advancing in Australia and internationally. According to Mustafa and Bansal 
(2002), this is being driven by: 
• Internet integration. The integration of BMS with the internet allows access to data from any 
location and the compilation of data from a wide range of assets to assist in high level asset 
management decision-making.  Internet solutions offer cost-effective and powerful means for 
the integration of building functions through a BMS (Wang and Xie 2002).  
• Wireless technology. There are currently major opportunities for the development of wireless 
BMS systems (including wireless sensors and controllers). For example, recent advancements 
have been made in wireless handheld devices for technicians to aid in remote system 
diagnoses. Researchers at the Centre for the Built Environment, University of California, have 
developed wireless sensors for building condition monitoring that can be embedded into 
building products (such as ceiling tiles). These sensors can be produced and installed at 
lesser cost than traditional wired sensors and can be used at multiple sensing points to 
provide optimal climate control solutions (CBE 2007).   
• Interoperability standards. One of the most significant recent advancements in BMS 
technology has been a move in the market towards standardised signal communication rules 
(or protocols) and interoperability standards. These standards optimise the compatibility 
between the various sensor and controller devices (from different manufacturers) that are 
integrated under the BMS.  
• Software developments. Major advancements are been made in how building information is 
analysed and presented by the data controller and by the user/facility manager. User 
interfaces are becoming more intuitive and easier to use.  
Although BMS retro-fitting is common, optimising the integration of complex building systems requires 
commitment and planning from the early design stages of a building (Arkin and Paciuk 1997).  This 
planning should target how both active and passive environmental systems interact and assist in 
setting environmental performance targets to be maintained from building handover and occupancy.  
AUTOMATED PROJECT PERFORMANCE CONTROL (APPC) – During the construction phase of a 
built asset 
As a result of rapid advances in automated data collection technology, project performance  control 
systems have emerged that provide project managers with automated ‘real-time’ performance data 
against key performance indicators on projects (such as cost, schedule, productivity and quality) 
(Navon 2007). The emergence of Automated Project Performance Control (APPC) systems has 
occurred as a result of the acknowledged deficiencies in current management practices, such as 
labour-intensive manual data collection, which involves high error rates.  
According to Navon (2007), emerging technology in this area includes: 
• Bar-coding equipment that can be used to collect real-time data on activities such as material 
tracking, monitoring construction progress, labour control, and waste reduction. 
• Global position systems (GPS) that can be used to track construction progression and provide 
managers with three-dimensional positions. Advances in GPS technology are allowing 
systems to operate indoors (without the traditional need for ‘line-of-sight’ between satellite and 
receiver) by combining other communication technologies such as laser and cellular 
communication systems. GPS systems can also be used by contractors to determine 
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earthwork quantities and track materials on-site (Hannon, 2007), and to guide machinery, 
such as excavators (see next sub-section). 
• Radio Frequency Identification (RFID) that is a further advancement of barcode technology. It 
uses radio frequencies to capture and transmit data from embedded memory chips or tags. 
This emerging technology can be used for similar applications to bar-coding, but does not 
require a manual scan or line-of-sight, and can store a larger amount of information that can 
be easily updated.    
• Laser Detection and Ranging (LADAR) that is rapidly gaining attention due to its scope to 
increase reliability and cost-effectiveness. Applications include the tracking of terrain changes 
to construction-sites and object recognition. 
• Video technologies that involve use of video camera and video recognition technology to 
assist construction control by photographing site operations in real-time to assess construction 
progress. The automatic interpretation of video data (such as automated pattern recognition) 
requires further research, but has the potential to provide managers with automated 
interpretations of construction progress (such as the movement of construction materials on-
site).   
The technologies described above can be combined to provide managers with a range of meaningful 
reports on project performance and delivery. The automation of project management functions can 
lessen the time required for manual data collection and can assist project managers in identifying 
potential site problems and in undertaking timely corrective actions (Navon and Sacks 2007). 
MACHINE GUIDANCE TECHNOLOGY 
Machine guidance systems are an emerging area of automation that has seen increased use in the 
road construction sector in Australia over recent years. These systems provide a range of information 
to automatically keep the orientation and position of construction machines within a specified path 
using GPS tracking stations (Kahmen and Retscher 1999). 
For example, earthmoving equipment can benefit greatly from GPS integration for precise earthmoving 
and grading using automated blade and bucket angles against a pre-set 3D surface model. These 
systems lessen the time required for detailed manual surveying and minimise rework required 
(Hannon 2007). According to Retscher (2002), modern construction machine guidance systems use a 
multi-sensor system whereby navigation parameters and changes to the machine blades are adjusted 
through a continuous comparison against the designed surface. If the system detects a required 
change, new parameters are automatically sent to the machine hydraulics to maintain the cross slope 
and design elevation. The machine operator is then tasked with visually confirming and maintaining 
the elevation and slope using onboard navigation display. Machine guidance technology has 
significantly improved over the last ten years, with the emergence of ‘off-the-shelf’ GPS guidance 
platforms (such as Trible and Caterpillar positioning technology) (Navon 2005). However, due to the 
high precision requirements of road and paving machines, such systems require further advancement 
before conventional manual control methods can be replaced completely (Retscher 2002).    
In Australia, a recent high profile example of the application of cutting-edge machine guidance 
technology was on the East Link freeway project, completed in Melbourne in 2008 (Australia’s largest 
road project to date). The project used advanced guidance equipment provided by Trimble (contracted 
through the head contractor Thiess/John Holland) to control head contractor machines. Trimble 
installed four communication base stations and a radio network along the 39 kilometre freeway route, 
plus a range of roving communication units linked to the construction equipment (DSE 2005). The 
installed system allowed two way communications between the site offices and construction 
equipment, allowing design changes to be automatically uploaded and as-constructed data to be 
relayed back to the site office.  
System Dynamics 
Automated construction control and building monitoring systems are emerging innovations that offer 
significant performance improvement across the construction supply chain, compared to manual 
information relay processes. They offer not only improved information flow to the construction and 
facility manager, but also improved construction processes on-site, through the use of automated 
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guidance and control. This group of technologies provides greater integration across the various 
activities and actors shown in Figure 1, with particular benefit to clients and facility managers, and 
project-based firms (designers, project managers and consultants).  
BMS technology offers major benefits to the building owner (and facilities manger) through the 
improved long-term management of a building asset. The uptake of such technology is currently driven 
by clients, but it requires a fully integrated approach with consultants and contractors at the design 
stage of a building (Arkin and Paciuk 1997). Consultants and contractors facilitate the diffusion of this 
technology by describing the benefits to clients and potential clients. Project-based firms recommend 
this technology to clients, in part, due to the potential to decrease design and construction risks (and 
improve productivity) and lessen the need for manual collection and communication of project 
information (Navon 2005). In turn, clients specify the technology as it enhances the likelihood that their 
projects to be delivered within specified parameters (e.g. within budget and on schedule) (Navon 
2005). This technology facilitates improved linkages between such clients and project-based firms 
tasked with the delivery of a project.  
Also, supply network and support infrastructure actors play a key role in the advancement of new 
technology by promoting benefits as a part of the long-term efficiency of building and integrated 
systems.  Also, as a result of the increasing emphasis placed on Ecological Sustainable Development 
(ESD) requirements by construction clients and government, further emphasis is being placed on the 
integration of long-term eco-efficiency measures in government and commercial buildings. Thus, 
regulatory and public pressures are also driving advancements in this technology and placing 
increased expectations on project-based firms to deliver fully integrated design and asset monitoring 
systems. Specialised supply network actors are emerging that provide novel equipment and services, 
such as Trimble on the East Link Freeway.  
Long-term technical development of these systems is currently being undertaken by both internal R&D 
programs within the private sector and also by government funded R&D. For example, in 2001, an 
AusIndustry $1.1 million R&D Start Grant was provided to Brisbane-based Automated Positioning 
Systems to develop a locally produced 3D machine guidance and control platform. This organisation is 
now the largest independent GPS high precision guidance equipment provider in Australia (ATS 
2008).  
Diffusion Issues 
According to a report by Frost & Sullivan (an industry analyst firm) published in March 2009, the 
control and monitoring systems market will be effected by the forecasted severe downturn in non-
residential construction over the next five years, but will be partly off-set by the increasing demands as 
a result of the commitment of the Australian Government to the reduction of greenhouse gas 
emissions, as specified in the Kyoto protocol (Frost & Sullivan 2009). This will drive the need for 
improved environmental control over building energy use and emissions, particularly in government 
buildings. Further, interest in longer-term building energy efficiency is slowly filtering down from 
government departments to private commercial sector clients and improving demand for BMS 
solutions.     
Nevertheless, there are currently a number of barriers to the increased uptake of control and 
monitoring systems in the built environment industry. Generally, such barriers also apply to various 
Information Technology (IT) innovations across the built environment.  
Firstly, a major barrier to the diffusion of control and monitoring systems is a lack of knowledge of the 
benefits that such systems can provide to the industry. Further education on the benefits of such 
systems is required through the activities of the technical support infrastructure in the Construction 
Product System in Australia. According to Hannon (2007), more construction clients need to be made 
aware of the benefits that can be gained from the use of advanced construction technology to 
enhance the return on their investments. The decision to incorporate such technology must also be 
reflected in the client budget. However, the move to greater use of control and monitory systems will 
not be easy as it requires a clear shift in client attitudes. Suppliers face significant challenges in 
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effectively marketing the value of products in Australia due to a perceived myopic view of clients to the 
benefits that can be gained (Fernandez 2004).  
Hence, lack of client specification for the use of advanced control and monitoring systems is inhibiting 
uptake (Hannon (2007). Even where specification does occur, Hannon (2007) argues that smaller 
project–based firms are disadvantaged. He argues that regulatory and institutional bodies have a 
responsibility to educate and train the industry (including small to medium-sized contractors and 
consultants) on how the new technology is used and supported.  
Secondly, a major obstacle for the uptake of control and monitoring systems in Australia is integration 
with 3D modelling technology. Many construction control and building monitoring systems require input 
of either 3D building modelling (building construction) or 3D terrain modelling (road construction) data 
to function effectively. Thus, the success of these systems is dependent on the uptake of 3D design 
modelling technology.  
According to Hannon (2007), there is currently minimal use of 3D terrain modelling and this represents 
a major barrier to the uptake of GPS machine guidance systems. It is expected that the further uptake 
of 3D modelling technology will lead to downstream market demand for associated systems. Also, it is 
crucial that research and development of such systems is consistently moving forward in line with 
rapidly advancing IT technology, such as BMS systems with web-based/TCP/IP protocols (Fernandez 
2004). 
Despite the above problems, and as a result of improved interoperability and software/hardware 
capacity over time, greater uptake and consolidation of control and monitoring systems across the built 
environment industry is expected to occur. It also is expected that as these technologies mature and 
gain greater use in Australia, the erroneous view that the costs of adoption outweigh the benefits will 
decrease, leading to improved project productivity and end-product efficiency. In terms of downside 
management, it is important that increased reliance on automated systems does not erode human 
decision making processes to the extent that an increased susceptibility to system failures eventuates.  
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9. CONCLUSIONS  
Our nation has three key assets – its people, its built environment and its natural environment. This 
report concerns itself with the role that people play in generating innovation to improve the value for 
money provided by the built environment, while preserving and enhancing the natural environment. A 
description of some of these emerging innovations has been provided here. The selected innovations 
offer significant performance improvement across the Construction Product System in Australia. These 
innovations contribute in a significant way to creating a more sustainable built environment in this 
country.  
Given the breadth of the topic to be addressed by this report, it has been necessary to profile selected 
innovations from across the full range available. This selection has been necessarily subjective, but is 
nevertheless based on the advice of subject matter experts. Selection has also been based on non-
technical issues, such as existing studies being conducted by BEIIC, covering for example, the people 
issues surrounding innovation, new procurement models and retrofitting innovations. 
In order to add value to the description of key emerging innovations provided here, the main obstacles 
impeding their greater uptake is summarised. Overwhelming, the report points to the important role 
played by Australian governments in facilitating improved adoption rates. This applies to governments 
in their various roles, but particularly as clients, regulators, and investors in education, training, 
research and development.  
In their role as clients, the report suggests that government can better facilitate innovation within the 
Construction Product System by reviewing their specification policies and adjusting them to encourage 
building information modelling, off-site manufacturing, green urbanism, passive building technologies, 
sustainable products, extreme weather-proofing technology, control and monitoring systems, and 
other innovations. Specification of client requirements within tenders should be based on performance 
parameters, rather than on detailed prescription of methods and materials. Further, performance-
based parameters need to be specified in very broad, high-level terms, to encourage the most 
innovative solutions possible. It is expected that if substantive policy changes are made in this respect, 
then over time significant improvements in project and built asset performance could be expected, in 
turn encouraging private sector clients to follow the government’s lead.  
Further, the literature and subject matter experts agree that innovation is largely dependent on clients 
using advanced procurement systems, and that enhancement of technical competencies held within 
client organisations will promote higher rates of innovation on projects. In addition to improved 
technical competence, client organisations need to encourage a cultural shift towards decision-making 
based firmly on consideration of ‘whole of life’ costs, and away from ‘short-termism’.  
In their role as regulators, Australian governments face particular challenges associated with our 
federal system of government and associated duplication and uncertainty. This means that innovators 
often face high costs associated with approval processes. In relation to the BCA, recent reforms 
towards performance-based specifications have helped to encourage innovators, yet stakeholders 
would like to see performance specified at higher levels of aggregation, providing more flexibility in 
possible solutions. In relation to setting standards generally, the need for greater interoperability within 
our federal system and internationally is urgent. The report also highlights the need for more rigorous 
and pervasive mandatory sustainability standards, as in many cases current standards are well below 
European and US requirements. 
In relation to education, training, research and development, this report has highlighted skills 
shortages, stakeholder conservatism, and lack of adequate understanding of the net benefits 
associated with particular innovations over the long-term. These issues require increased government 
funding of training activities, education programs, and demonstration initiatives.   
The report has found that across the highly diverse range of innovations examined, a common set of 
obstacles can be identified, and that these obstacles are clearly and directly influenced by the nature 
of policies in relation to the government’s role as a client, regulator, and investor in education, training, 
research and development.  
  
 38
10. REFERENCES 
AAPA (2001). Warm mix asphalt – A state-of-the-art review. Advisory Note 17, Australian Asphalt 
Pavement Association. 
ABCB (2009). Media release - New bushfire building standards. Sydney, Australian Building Codes 
Board. 
ABCSE (2006). Australia’s Renewable Energy Use, Technologies and Services. Carlton, Vic 
Australian Business Council for Sustainability Energy. 
ABS (2009). Australian social trends 2009. Catalogue No 4102.0. Canberra, Australian Bureau of 
Statistics. 
ABSJ (2006). "Editorial, CH2 – Setting a new world standard in green building design." Australian 
Building Service Journal 2: 17-24. 
Ackermann, T. and L. Söder (2000). "Wind energy technology and current status: a review." 
Renewable and Sustainable Energy Reviews 4(4): 315-374. 
Ambrose, M. (2008). Energy-Efficient Housing and Sub division design. Transitions: Pathways 
Towards Sustainable Urban Development in Australia. P. Newton. New York, Springer. 
Ambrose, M. (2009). Energy-efficient planning and design. Technology, Design and Process 
Innovation in the Built Environment. P. Newton, K. Hampson and R. Drogemuller. New York, Taylor & 
Francis: 238-249. 
Argy, F. (2008). Australia's fiscal straitjacket. Australia Under Construction nation-building - past, 
present and future. J. Butcher. Canberra, ANU E Press: 71-82. 
Arkin, H. and M. Paciuk (1997). "Evaluating intelligent buildings according to level of service systems 
integration." Automation in Construction 6(5-6): 471-479. 
ATS. (2008). "APS consolidated - Machine guidance systems for mobile equipment."   Retrieved 14 
April, 2009, from http://ats.business.gov.au/Company/CompanyProfile.aspx?ID=50. 
AWEA (2008). AWEA small wind turbine global market study 2008. Washington, DC, American Wind 
Energy Association. 
Badescua, V. and M. D. Staicovicib (2006). "Renewable energy for passive house heating: Model of 
the active solar heating system." Energy and Buildings 38(2): 129-141. 
Bailey, P., D. Brodkin, et al. (2008). "The Virtual Building." The Arup Journal 42(2): 15-25. 
BCA (2007). Infrastructure: Roadmap for Reform. Melbourne, BCA. 
Beatley, T. (2000). Green urbanism: learning from European cities, Island Press. 
Bergman, N., L. Whitmarsh, et al. (2007). Assessing transitions to sustainable housing and 
communities in the UK. International Conference on Whole Life Urban Sustainability and its 
Assessment, Glasgow, Scotland. 
Bhargava, A. (2007). "Building Integrated Photovoltaics (BIPV)." Reed Construction Data - 28 
November 2007  Retrieved 6 April, 2009, from 
http://www.reedconstructiondata.com/articles/read/building-integrated-photovoltaics/. 
Biaoua, A. L. and M. A. Bernier (2008). "Achieving total domestic hot water production with renewable 
energy." Building and Environment 43(4): 651-660. 
  
 39
Binder, G. (2008). "Understanding innovation for sustainability within the Australian building industry: 
An evolutionary social learning model." Journal of Green Building 3(3): 119-132. 
Blismas, N., C. Pasquire, et al. (2006). "Benefit evaluation for off-site production in construction." 
Construction Management and Economics 24: 121-130. 
Blismas, N. and R. Wakefield (2009a). "Drivers, constraints and the future of off-site manufacture in 
Australia." Construction Innovation 9(1): 72-83. 
Blismas, N. and R. Wakefield (2009b). Engineering sustainable solutions through off-site manufacture. 
Technology, Design and Process Innovation in the Built Environment. P. Newton, K. Hampson and R. 
Drogemuller. Abingdon, Taylor and Francis: 355-370. 
Bosher, L., A. Dainty, et al. (2009). "Attaining improved resilience to floods: a proactive multi-
stakeholder approach." Disaster Prevention and Management 18(1): 9-22. 
Bowditch, P. A., J. E. Sargeant, et al. (2006). Window and glazing exposure to laboratory-simulated 
bushfires. Bushfire CRC Program D1E, Bushfire CRC. 
Boyd, D. and E. Chinyio (2006). Understanding the Construction Client. Oxford, Blackwell Publishing. 
Boyle, R., C. Greenwood, et al. (2008). Global Trends in Sustainable Energy Investment 2008 Report, 
United Nations Environment Programme and New Energy Finance Ltd. 
Brisbane City Council (2006). Our shared vision - Living in Brisbane 2026. Brisbane, QLD, Brisbane 
City Council. 
Carthey, J., V. Chandra, et al. (2009). "Adapting Australian health facilities to cope with climate-related 
extreme weather events." Journal of Facilities Management 7(1): 36-51. 
CBE. (2007). "Wireless measurement and control of the indoor environment in buildings "   Retrieved 
14 April, 2009, from http://www.cbe.berkeley.edu/research/briefs-wireless.htm. 
CEDA (2005). Infrastructure: Getting on with the Job. Melbourne, CEDA. 
Chang, S. E. (2003). "Evaluating disaster mitigations: Methodology for urban infrastructure systems." 
Natural Hazards Review 4(4): 186-196. 
CIDA (1995). "A Construction Industry Strategy (by the Construction Industry Development Authority - 
CIDA)." Journal of Project and Construction Management 1(2). 
City of Sydney (2008). Sustainable Sydney 2030: The Vision. Sydney, NSW, City of Sydney. 
Clark, D. (2003). Incentives for sustainable buildings in Australia – A designer’s perspective. Sinclair 
Knight Merz Technical Paper. Melbourne, Vic, Sinclair Knight Merz. 
COAG (2008). Meeting Communiqué - 29 November 2008, Council of Australian Governments. 
Cole, T. R. H. (2003). Royal Commission into the Building and Construction Industry. Canberra, 
Australian Government. 
Coombs, G. and G. Roberts (2007). "Infrastructure Trends." Economic Roundup Summer: 1-16. 
Crabtree, L. and D. Hes (2009). "Sustainability Uptake on Housing in Metropolitan Australia: An 
Institutional Problem, Not a Technological One." Housing Studies 24(2): 203-224. 
CRCCI (2008). Achievements 2001-2008. Brisbane, Qld, Cooperative Research Centre for 
Construction Innovation. 
  
 40
Crompton, R., J. McAneney, et al. (2008). Natural hazards and property loss. Transitions: Pathways 
Towards Sustainable Urban Development in Australia. P. Newton. New York, Springer: 281-294. 
CSIRO (2000). Building in Bushfire Prone Areas. Building Innovation & Construction Technology 
Bulletin. 11. 
DCLG (2006). Building a greener future: Towards zero carbon development. London, Department for 
Communities and Local Government  
DCLG (2007). Improved flood performance of new buildings. London, Department of Communities and 
Local Government. 
DEWHA (2009). Australian Government Solar credits for small scale renewables fact sheet 2009, 
Department of the Environment Water Heritage and the Arts. 
Dimoudi, A., A. Androutsopoulos, et al. (2004). "Experimental work on a linked, dynamic and 
ventilated, wall component." Energy and Buildings 36(5): 443-453. 
DISR (1999). Building for Growth. Canberra, Department of Industry, Science and Resources, 
Commonwealth of Australia. 
Domeshells. (2008). "Domeshells Technology - A true revolution in building design."   Retrieved 31 
March, 2009, from http://www.domeshells.com.au/domeshellsbrochure.pdf. 
Drogemuller, R., S. Egan, et al. (2009). Integrated design platform. Technology, Design and Process 
Innovation in the Built Environment. P. Newton, K. Hampson and R. Drogemuller. New York, Taylor & 
Francis: 132-153. 
DSE (2005). Trimble to guide road project. Landmark: 15. 
Egan, J. (1998). Rethinking Construction. London, UK Department of Environment, Transport and 
Regions. 
Engineers Australia (2008). Australia's Infrastructure Reqiurements. Barton, Engineers Australia. 
Fairclough, J. (2002). Rethinking construction innovation and research. London, UK Department of 
Trade and Industry. 
Fernandez, I. (2004). "The building management and control systems market in Australia: An industry 
snapshot." Frost & Sullivan Market Insight  Retrieved 13 April, 2009, from 
http://www.frost.com/prod/servlet/market-insight-top.pag?docid=11130387. 
Foth, M. (2008). Handbook of research on urban informatics: The practice and promise of the real-time 
city, Idea Group. 
Frost & Sullivan. (2009). "Strategic Analysis of the Australian Building Management and Control 
Systems Market "   Retrieved 14 April, 2009, from 
http://www.researchandmarkets.com/reports/834903. 
Gann, D. (1997). Technology and Industrial Performance in Construction - Draft SPRU Research 
Paper. Prepared for OECD Directorate for Science, Technology and Industry  University of Sussex. 
Gann, D. (2000). Building Innovation, Complex Constructs in a Changing World. London, Thomas 
Teleford Publishing. 
Gann, D. M. and A. Salter (1998). "Learning and Innovation Management in Project-Based, Service-
Enhanced Firms." International Journal of Innovation Management 2(4): 431-454. 
  
 41
Gann, D. M. and A. J. Salter (2000). "Innovation in project-based, service-enhanced firms: the 
construction of complex products and systems." Research Policy 29(7-8): 955-972. 
Garnaut, R. (2008). Garnaut climate change review: Interim report to the Commonwealth, State and 
Territory Governments of Australia. Canberra. 
Garrett, P. (2008). Minister media release: $1 million for small wind turbine testing centre - 12 August 
2008. Department of the Environment Water Heritage and the Arts. 
Gibb, A. (1999). Off-site fabrication: prefabrication, pre-assembly and modularisation. Caithness, 
Whittles Publishing Services. 
Gibb, A. G. F. and F. Isack (2003). "Re-engineering through pre-assembly: client expectations and 
drivers." Building Research & Information 31(2): 146-160. 
Guikema, S. D. (2009). Infrastructure design issues in disaster-prone regions. Science. 323: 1302-
1303. 
Gyles, R. (1992). Royal Commission into Productivity in the Building Industry in New South Wales. 
Research Papers. Sydney, AGPS. 
Hannon, J. J. (2007). Emerging technologies for construction delivery, Transportation Research 
Board. 
Haque, M. E. and R. Mishra (2007). 5D virtual constructions: Designer/constructor’s perspective. 10th 
International Conference on Computer and Information Technology (ICCIT). Dhaka, Bangladesh. 
Harper, B., K. Granger, et al. (2000). Tropical Cyclone Risks. Natural hazards and the risks they pose 
to South-East Queensland. K. Granger and M. Hayne. Canberra, Commonwealth of Australia. 
Hartmann, A. (2006). "The role of organizational culture in motivating innovative behaviour in 
construction firms." Construction Innovation 6(3): 159-172. 
Herbert, G., S. Iniyan, et al. (2007). "A review of wind energy technologies." Renewable and 
Sustainable Energy Reviews 11(6): 1117-1145. 
Horne, R. E., M. Bates, et al. (2007). Carbon neutral communities: Definitions and prospects. CNC 
Working Paper No. 1, Centre for Design, RMIT University and University of South Australia. 
Kahmen, H. and G. Retscher (1999). Precise 3-D navigation of construction machine platforms. 
International Workshop on Mobile Mapping Technology. Bangkok, Thailand. 
Kaushika, N. D. and K. Sumathy (2003). "Solar transparent insulation materials: a review." Renewable 
and Sustainable Energy Reviews 7(4): 317-351. 
Kellett, J. (2007). "Community-based energy policy: A practical approach to carbon reduction." Journal 
of Environmental Planning and Management 50(3): 381-396. 
Kiviniemi, A. (2009). Building information models - Future roadmap. Technology, Design and Process 
Innovation in the Built Environment. P. Newton, K. Hampson and R. Drogemuller. New York, Taylor & 
Francis: 115-131. 
Kubal, M. T. (2008). Construction waterproofing handbook, McGraw-Hill Professional. 
Larsson, B., J. Sundqvist, et al. (2006). "Component manufacturers' perceptions of managing 
innovation." Building Research & Information 4(6): 552 - 564. 
  
 42
Laska, S. and F. Wetmore (2000). Reducing flood loss potential by flood-proofing. Floods. D. J. 
Parker. New York, Taylor & Francis: 268-276. 
Latham, M. (1994). Constructing the Team. London, HMSO. 
Lehmann, S. (2008). "Rapid urbanization in the Asia-Pacific region: A roadmap to 2015 and beyond." 
The Journal of Green Building 3(3): 88-96. 
Leonard, J. E. and P. A. Bowditch (2003). Findings of studies of houses damaged by bushfire in 
Australia. 3rd International Wildland Fire Conference. Sydney, Australia. 
Lewis, T. (2009). Quantifying the GDP - construction relationship. Economics for the Built 
Environment. L. Ruddock. Abingdon, UK, Taylor and Francis: 34-60 
Manley, K. (2004). Motorway alliance drives performance improvement. Brisbane, CRC for 
Construction Innovation. 
Manley, K. (2008a). "Small firms successfully introducing new technology on construction projects." 
Research Policy 37(10): 1751-1764. 
Manley, K. (2008b). "Implementation of innovation by manufacturers subcontracting to construction 
projects." Journal of Engineering, Construction and Architectural Management 15(3): 230-245. 
Manley, K. and J. Marceau (2002). "Integrated Manufacturing-Services Businesses in the Australian 
Building and Construction Sector." Australian Journal of Construction Economics and Building 2(1): 1-
12. 
Manseau, A. (2004). The Construction Industry Cluster in Canada Still Blurry and Difficult to Assess. 
The Construction Sector System Approach: An International Framework. J. Carassus. Rotterdam, 
Council for Research and Innovation in Building and Construction: 44-56. 
Marceau, J., J. Houghton, et al. (1999). Mapping the Building and Construction Product System. 
Preliminary Report, Prepared by the Australian Expert Group in Industry Studies (AEGIS) at the 
University of Western Sydney Macarthur for the Commonwealth Department of Industry, Sciences and 
Resources. 
Marney, D. C. O. and L. J. Russell (2008). "Combined fire-retardant and wood preservative treatment 
for outdoor wood applications - A review of the literature." Fire Technology 44: 1-14. 
Matthews, E., C. Amann, et al. (2000). The Weight of Nations: Material Outflows from Industrial 
Economies Washington, DC, World Resources Institute. 
Maxey, C. (2008). Hybrid Solar Lighting. Photonics Spectra. 6. 
McGee, C., J. Herriman, et al. (2007). "Education, awareness and training for sustainable commercial 
buildings." Your Building Web resource  Retrieved 3 April, 2009, from 
http://www.yourbuilding.org/display/yb/Education%2C+awareness+and+training+for+sustainable+com
mercial+buildings. 
Middelmann, M. H. (2007). Natural hazards in Australia - Identifying risk analysis requirements. 
Canberra, Geoscience Australia. 
Mitchell, W. J. (1996). City of bits: space, place, and the infobahn. Cambridge, MIT Press. 
Mohelnikova, J. (2009). "Materials for reflective coatings of window glass applications " Construction 
and Building Materials 23(5): 1993-1998. 
  
 43
Moloney, S., C. Maller, et al. (2008). Housing and sustainability: bridging the gap between technical 
solutions and householder behaviour. 3rd AHRC Conference: Housing Research for a Sustainable 
Affordable Future. RMIT University, Melbourne. 
Mustafa, H. T. and P. K. Bansal (2002). "Building Management Systems: Beyond Electronics." AIRAH 
Journal 1(4): 22-27. 
NatBACC (1999). Report for Government by the National Building and Construction Committee 
Available at http://www1.industry.gov.au/library/content_library/BC-NatBACC.pdf  
Navon, R. (2005). "Automated project performance control of construction projects." Automation in 
Construction 14(4): 467-476. 
Navon, R. (2007). "Research in automated measurement of project performance indicators " 
Automation in Construction 16(2): 176-188. 
Navon, R. and R. Sacks (2007). "Assessing research issues in Automated Project Performance 
Control (APPC)." Automation in Construction 16(4): 474-484. 
Newton, P., K. Hampson, et al. (2009). Transforming the built environment through construction 
innovation. Technology, Design and Process Innovation in the Built Environment. P. Newton, K. 
Hampson and R. Drogemuller. Abingdon, Taylor and Francis. 
NREL. (2008). "NREL Solar cell sets world record efficiency record at 40.8 percent." National 
Renewable Energy Laboratory News Release - August 13, 2008  Retrieved 3 April, 2009, from 
http://www.nrel.gov/news/press/2008/625.html. 
OECD Environment Directorate. (2009).    Retrieved 19 January, from 
http://www.oecd.org/department/0,3355,en_2649_34361_1_1_1_1_1,00.html. 
PA. (2008). "Climate change."   Retrieved 31 March, 2009, from 
http://www.aph.gov.au/library/Pubs/ClimateChange/index.htm. 
Pearce, F. (2002). Green Foundations. New Scientist. 175: 39-40. 
Pinnegar, S., J. Marceau, et al. (2008). Innovation and the city: challenges for the built environment 
industry. City Futures Research Centre: Issues Paper No. 7, Department of Innovation, Industry, 
Science and Research. 
Potter, B. (2008). "PPPs key to infrastructure." Australian Financial Review: 62. 
Prasad, D. K. and M. Snow (2004). "Examples of successful architectural integration of PV: Australia." 
Progress in Photovoltaics: Research and Applications 12(6): 477-483. 
Price, G. (2006). "Technology advancements in small wind turbines." Port of Entry web resource - 09 
October 2006  Retrieved 3 April, 2009, from http://www.abundantre.com/Port_of_Entry_10-09-06.pdf. 
Productivity Commission (2006). Waste Management, Report No 38. Canberra, Australian 
Government. 
PWC (2002). Innovation in the Australian Building and Construction Industry – Survey Report. Sydney, 
Australian Construction Industry Forum. 
RAIA (2003). Bushfire Design Guide, Archicentre Limited, Royal Australian Institute of Architects 
(RAIA). 
Reardon, C. (2008). Your home: Technical Manual. Canberra, Commonwealth of Australia: 76-80. 
  
 44
Reichstein, T., A. Salter, et al. (2005). "Last among equals: a comparison of innovation in construction, 
services and manufacturing in the UK." Construction Management and Economics 23: 631-644. 
Retscher, G. (2002). Multi-Sensor systems for machine guidance and control. FIG XXII. International 
Congress. Washington, D.C., USA. 
Riese, M. (2008). One Island East, Hong Kong: A case study in construction virtual prototyping. Virtual 
futures for design, construction & procurement. P. Brandon and T. Kocatürk. Malden, MA, Blackwell: 
59-72. 
Ruddock, L. and A. Wharton (2004). The UK Construction System at the beginning of the twenty-first 
century. The Construction Sector System Approach: An International Framework. J. Carassus. 
Rotterdam, Council for Research and Innovation in Building and Construction: 175-190. 
STEM (2006). BRITE Impact Assessment, Final Report. St Kilda, Unpublished - Confidential report by 
STEM (Strategic Technology Evaluation and Management) for the CRC for Construction Innovation, 
Australia. 
Stohr, S. (2009). "Scientists develop spray-on solar panel." G-online web resource - 30 January 2009  
Retrieved 3 April, 2009, from http://www.gmagazine.com.au/news/1193/scientists-develop-spray-solar-
panels. 
Strategic Forum (2002). Rethinking Construction: Accelerating Change London Strategic Forum for 
Construction  
Terry, A., A. Walker-Morison, et al. (2007). "Products and materials and sustainable commercial 
buildings." Your Building Web resource  Retrieved 3 April, 2009, from 
http://www.yourbuilding.org/display/yb/Products+and+materials+and+sustainable+commercial+buildin
gs. 
Tzempelikos, T. (2007, 25/03/2009). "Integration of dynamic facades with other building systems." 
Automatedbuildings.com  Retrieved 5 April, 2009, from 
http://www.automatedbuildings.com/news/may07/articles/concordia/070428064606conc.htm. 
UDIA. (2007). "EnviroDevelopment – Living for the future, today."   Retrieved 15 April, 2009, from 
http://www.envirodevelopment.com.au/_dbase_upl/EnviroFact_Generic.pdf. 
van den Berg, A. E., T. Hartig, et al. (2007). "Preference for nature in urbanized societies: stress, 
restoration, and the pursuit of sustainability." Journal of Social Issues 63(1): 79-96. 
Vanikar, S. N. (2004). The advances and barriers in application of new concrete technology 
International Workshop on Sustainable Development and Concrete Technology. Beijing, China, Centre 
for Transportation Research and Education, Iowa State University. 
Walker, A. R., S. Gard, et al. (2006). A virtual reality mitigation tool for community consultation. 
Bushfire Conference 2006. Brisbane. 
Walsh, B. (2009). "An Enviro Utopia - in the Abu Dhabi desert." Time Online  Retrieved 15 April, 2009, 
from http://www.time.com/time/health/article/0,8599,1872646,00.html. 
Wang, S. and J. Xie (2002). "Integrating Building Management System and facilities management on 
the Internet." Automation in Construction 11(6): 707-715. 
Watson, S., W. Cheshire, et al. (2000). Development of a Holistic Environmental Brief For Use as a 
Design-phase Building Environmental Assessment Tool. 33rd Conference of the Australian and New 
Zealand Architectural Science Association. Sydney, Australia. 
WEF (2008). SlimCity - Briefing March 2008, World Economic Forum. 
  
 45
WEF and Arup (2009). SlimCity: Sustainable Buildings. SlimCity, World Economic Forum and ARUP. 
Whelan, C. (2009). "Asphalt Gets a Hot, Green Makeover - Green road-construction methods got the 
star treatment at this year's transportation research board conference." Popular Science online  
Retrieved 2 April, 2009, from http://www.popsci.com.au/environment/article/2009-01/asphalt-gets-hot-
green-makeover. 
White, R. (1965). Prefabrication: a history of its development in Great Britain. London, HM Stationery 
Office. 
Wikipedia. (2008). " Feed-in tariffs in Australia."   Retrieved 3 April, 2009, from 
http://en.wikipedia.org/wiki/Feed-in_tariffs_in_Australia. 
Williams, A., E. Robles, et al. (2008). Urbane-ing the City: examining and refining the assumptions 
behind urban informatics. Handbook of research on urban informatics: The practice and promise of the 
real-time city. M. Foth, Idea Group 1-20. 
Wong, J. K. W., H. Li, et al. (2005). "Intelligent building research: a review " Automation in 
Construction 14(1): 143-159. 
 

  
 47
Part 2: Knowledge Exchange Strategy 
Sue McKell, Pebble Communication Pty Ltd 
1. SUMMARY 
Australia’s built environment industry faces significant challenges but also enormous opportunities to 
support future innovation improvements.  This report recommends a strategy that will raise activity 
aimed at increasing innovation in this industry from the current level of one-way information provision 
towards two-way knowledge exchange and genuine end-user driven innovation.  Fostering existing, 
and building new, knowledge exchange networks within the industry will be an essential element in 
the industry’s strategy to increase innovative practices. 
A stakeholder analysis undertaken for this project indicates that key decision-makers associated with 
emerging sustainability innovations for this industry are owners, clients and designers.  The 
knowledge exchange strategy outlined in this report therefore targets these key decision-makers with 
wider consultation processes to ensure engagement of other industry stakeholder groups. 
A content analysis of publications referencing emerging innovations identified in Part 1 of the study 
suggests only limited information gaps on emerging technologies, while a review of existing 
knowledge exchange strategies indicated that there is a multitude of existing information platforms 
already available to the industry that could be integrated as part of an innovation knowledge exchange 
strategy.   
Development of a new information-based web resource is therefore not considered to be sufficient on 
its own to achieve increases in innovation for this industry.  The greatest innovation impact is likely to 
be realised through a range of knowledge exchange initiatives that build and empower new and 
existing knowledge networks and which could intersect through a shared web-based information 
resource.   
The knowledge exchange strategy in this report includes recommendations for a range of targeted 
innovation projects aimed at owners, clients and designers – a process that will also need to be 
supported, driven and implemented by these relevant industry groups to be successful.  These 
initiatives include the following knowledge exchange projects: 
• SME Innovation Exchange: An online resource to facilitate knowledge sharing and build 
knowledge networks for improved built environment industry innovation 
• (Re-) Building Sustainably: A project to increase adoption of passive design principles and 
sustainable products while (re-) building after extreme weather events 
• Digital Construction: A project to increase industry adoption of information communications 
technology through procurement processes on major national infrastructure projects. 
• Australian Built Environment Innovation Framework: A project to undertake a broad 
industry stakeholder consultation process to develop a business model for a national Built 
Environment Innovation system. 
Given its focus on sustainable innovations for the industry, it is recommended that this initiative also 
aim to be self-sustaining in its funding base, and a range of possible funding support options have 
also been outlined.   
Longer term innovation improvements will be dependent on structural improvements to the industry’s 
own innovation system, and this report suggests a range of strategic opportunities for the Built 
Environment Industry Innovation Council to consider as part of future innovation initiatives. 
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2. INTRODUCTION 
Doing innovation is not easy, but the task of increasing innovation is even harder.  Australia’s built 
environment has one of the lowest rates of innovation of any industry in the country, but faces many 
structural barriers that serve to confound innovation improvements in this industry.  New innovation 
initiatives will need to be tailored to match existing industry capacity and set realistic expectations as 
to what can be achieved with current resources. 
Future innovation initiatives will need to be smarter and more targeted in order to support industry 
networks using the limited resources and capacity available within the industry.  The built environment 
industry is highly fragmented and a one-size-fits-all approach to innovation will not be effective in 
achieving industry-wide innovation improvements, nor will it be adequate to meet innovators’ needs or 
the knowledge brokers serving them.   
Part 2 of this report outlines a strategy to deliver the communication requirements for  
CRC Construction Innovation’s Built Environment Innovation Project, entitled: Innovation Practices in 
the Australian Built Environment Sector – An Information Resource for Industry.  This section 
combines a better understanding of the built environment industry’s emerging innovations from Part 1 
of the project with improved knowledge exchange strategies to build a stronger framework for a future 
national built environment innovation strategy. 
The intent of Part 2 is to respond to the project’s aims with a knowledge exchange strategy that will: 
• Develop a dynamic knowledge exchange mechanism that will capture knowledge from, and 
facilitate exchange between, industry stakeholders (including enterprise, government, the 
community, research and education), as well as deliver integrated solutions to end-user 
problems; 
• Bring together knowledge from different professions and disciplines across the full industry 
supply chain; 
• Target, engage, and improve innovation outcomes for small- to medium-sized enterprises 
(SMEs) within the industry; 
• Empower individuals within the built environment industry to innovate; and 
• Demonstrate the benefits of innovation knowledge exchange to industry stakeholders. 
This proposal outlines a program to develop a knowledge exchange strategy for the adoption of 
innovative practices in the built environment industry involving the following principal components: 
1. Review of outputs from Part 1 of the project for knowledge exchange opportunities.   
2. Identification and mapping of industry stakeholders. 
3. Review of existing knowledge exchange mechanisms within the industry. 
4. Development of a knowledge exchange strategy for built environment innovation. 
 
This scope of this project is understandably very broad, encompassing not just the seven broad 
innovation categories identified in Part 1 of the study, but countless individual technologies within 
those categories and as yet unknown future innovations.  While it would be an enormous undertaking 
to develop a single communication strategy to cover the divergent needs of all the innovations 
identified in this study, an effort has nonetheless been made to accommodate the broad technology 
groupings through a mix of targeted and industry-wide innovation initiatives.   
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Knowledge Exchange: Information to Innovation 
This project’s goals emphasise the need to achieve wider uptake of innovative practices by industry 
stakeholders – a task that, though inevitably involving communication, is nonetheless focussed on 
achieving a higher-level outcome than communication per se.  Knowledge exchange is implicitly a two-
way process (as depicted in Figure 1, below), a principal that is fundamental to delivering the action-
based (that is adoption) outcomes of this project.  The strategy will therefore effectively need to shift 
activity in this area from the right side of the diagram to the far left, moving communication activities 
from one-way information provision to end-user driven outcomes, in order to increase innovation 
practices in the industry. 
Figure 1: Understanding Engagement 
ENGAGEMENT PROCESS  
End-user driven outcomes  <---------- 2-way exchange   <------------  1-way information 
High level engagement <------------------------------------------------------------------------------- 
Increase in innovation practices <-------------------------------------------------------------------- 
(Source: image adapted from the Wellcome Trust) 
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3. INDUSTRY CONTEXT: STAKEHOLDERS AND BARRIERS TO INNOVATION 
The knowledge exchange projects outlined in this strategy aim to address many of the barriers to 
adoption of innovative practices that exist at the industry, enterprise and individual levels.  Common 
barriers to adoption of new technology involve costs and a lack of awareness; however, these are also 
the easiest to address through communication and promotion. What is more difficult to overcome, 
however, are complex and industry-wide barriers to adoption. 
The construction industry is recognised as a key conduit for economic growth, as reflected by the 
recent Federal economic stimulus packages investing in major building and infrastructure sector 
projects.  Despite this, several industry stakeholders interviewed during the project spoke of how the 
built environment industry is perceived by stakeholders outside the industry as not offering the same 
level of innovation potential from an economic point of view that might come from other, more 
commercialisation-focussed, industries such as manufacturing and biotechnology.  This presents a 
major communication barrier for the industry’s future innovation policy in terms of being able to attract 
private and public funding for knowledge exchange activities.  Part of the knowledge exchange 
strategy outlined in this report, therefore, includes communication activities that will increase 
stakeholder perceptions of the value of innovation within the Built Environment to regional and 
national economies. 
There is a clear relationship between industry innovation and investment in research and development 
(R&D).  The building and construction industry contributes relatively low levels of funding for pre-
competitive research and development – a mix that, logically, would be expected to deliver lower 
levels of innovation when compared to other industries.  The built environment currently is serviced by 
only two dedicated R&D organisations (the CRCs for Construction Innovation and Rail Innovation), 
compared to agriculture (another SME-based industry) which has 18 CRCs and ARC centres servicing 
their industries.  A key point of difference between these two sectors is the level of Commonwealth 
funding for industry-oriented R&D through the 15 rural research and development corporations funded 
jointly by industry levies and the Commonwealth.  As formal industry knowledge exchange 
mechanisms are commonly funded as outreach functions of R&D organisations, the industry’s R&D 
deficiency also reflects a general lack of knowledge exchange capacity for this industry.  The 
industry’s capacity to implement, manage and maintain an integrated innovation strategy has been 
factored in to the knowledge exchange initiatives outlined in this report.  
There is a clear opportunity for the industry to increase innovation by increasing the level of 
collaboration by stakeholders across professions and along the industry supply chain.  The built 
environment industry is highly organised in terms of membership to industry and professional 
associations; however, there is little opportunity for collaboration and cross-pollination of ideas 
between stakeholder groups, except through involvement on actual projects (and, even then, mostly at 
the senior management level).  Industry stakeholders are more likely to identify with their profession or 
sub-industry (such as architecture or construction) than with the built environment industry as such, a 
situation that is reinforced by traditional discipline-based training models.  Industry-wide innovations 
such as those arising out of sustainability concerns are more systematic by nature and require 
solutions that cross stakeholder boundaries, and may be best facilitated by integrated organisations 
such as ASBEC and ACIF.  For these reasons, an outcome-oriented knowledge exchange 
initiatives focusing on sustainability technologies would be more effective in bringing diverse 
stakeholder groups together than would a specific innovation oriented strategy (such as digital 
modelling or even information and communication technologies more generally).   
Small- to medium-sized enterprises (SMEs) make up the vast majority of all firms in the built 
environment industry, yet have the least capacity to access, translate, and adopt innovation strategies, 
potentially even those that are already in the public domain.  Therefore, a knowledge exchange 
strategy that targets SMEs at the broadest level would need to make some trade-off between market 
distribution and impact.  A targeted sector focus for the strategy, such as that provided by owners, 
clients and designers, would assist with maximising impact and provide an opportunity to capitalise on 
the industry’s existing knowledge networks such as those provided by industry associations and large 
industry firms. 
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Strong competition within the industry means that individual firms may face considerable disincentives 
to share intellectual property around new innovative practices.  Novel strategies to facilitate pre-
competitive knowledge sharing between firms would be valuable to increasing innovation in the 
industry as part of the strategy.  Similarly, the capability to implement effective processes for 
encouraging innovation varies considerably between firms.  Furthermore, while innovation outcomes 
are realised at the level of industry, it is inevitably individuals within businesses (and, it follows, the 
behaviours, knowledge, attitudes and values of those individuals) who ultimately make the decision 
whether or not to innovate.  This knowledge exchange strategy addresses these issues by focussing 
on development of industry knowledge networks to promote idea sharing and learning between 
individuals in the industry. 
Stakeholder Analysis 
Stakeholders identified for each of the seven emerging innovation categories in Part 1 of the report 
have been organised into relevant stakeholder categories in Table 1 along with a summary of 
opportunities identified to overcome adoption barriers in each technology area.  Designers, owners 
and clients are clearly key decision-makers across a number of the emerging sustainable innovations 
identified, and will thus form the target for a number of the knowledge exchange activities outlined in 
this strategy.  Industry associations, research and education providers, sustainability certifiers 
and media are also included in this table as important knowledge broker stakeholders in the 
innovation arena.  The stakeholder map following depicts the knowledge exchange roles held by these 
groups across the broad emerging technologies identified in this study. 
Table 1: Innovation Opportunities for Emerging Technologies 
 
OFF-SITE MANUFACTURE (OSM) 
 
Benefits • Reduce construction costs 
• Reduce on-site waste 
  
Stakeholders Decision-makers Suppliers End-users Other* 
 • Designers 
• Owners/clients 
(incl. building, 
development 
and 
infrastructure) 
 
 
• Manufacturers • Constructors • Industry 
Associations 
• Transport and 
logistics 
operators 
• Financiers 
• Research & 
Education 
Providers 
• Media 
     
Innovation 
Opportunities 
• Increase communication between manufacturers, designers and constructors 
• Increase awareness of benefits,  knowledge and expertise in OSM by 
decision-makers and end-users 
• Introduce new processes to support OSM usage and end-users 
• Increase knowledge of OSM by other stakeholders 
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EXTREME WEATHER-PROOFING TECHNOLOGY (EWT) 
 
Benefits • Reduce damage costs to built assets from extreme weather events 
  
Stakeholders Decision-makers Suppliers End-users Other* 
 • Designers 
• Owners/clients  
 
• Manufacturers 
• Software 
developers  
• Constructors • Industry 
Associations  
• Regulators 
• Insurers 
• Research & 
Education 
Providers 
• Media 
     
Innovation 
Opportunities 
• Increase awareness of benefits,  knowledge and expertise in EWT by 
decision-makers and end-users 
• Support decision-making processes by stakeholders 
• Increase communication of information from research and government to 
stakeholders 
• Increase knowledge of EWT by other stakeholders 
  
 
VIRTUAL BUILDING DESIGN AND INFORMATION MODELLING (BIM) 
 
Benefits • Reduce design and facility management costs 
• Increase supply-chain integration 
  
Stakeholders Decision-makers Suppliers End-users Other* 
 • Owners/clients 
(incl. public 
clients) 
• Designers  
 
• Software 
developers 
• Designers 
• Constructors 
• Facility 
Managers 
• Industry 
Associations  
• Manufacturers 
• Financiers 
• Research & 
Education 
Providers 
• Media 
     
Innovation 
Opportunities 
• Increase awareness of benefits,  knowledge and expertise in BIM by 
decision-makers and end-users 
• Increase knowledge of BIM by other stakeholders 
• Introduce IP management protocols for stakeholders 
• Introduce Australian BIM design protocols and data standards 
  
 
PASSIVE BUILDING ECO-DESIGN (PED) 
 
Benefits • Increase thermal comfort by building occupants 
• Reduce energy costs 
  
Stakeholders Decision-makers Suppliers End-users Other* 
 • Designers (incl. 
landscape 
architects) 
• Owners/clients  
 
• Manufacturers 
(insulation, 
glazing, heating 
and air-
conditioning 
systems, lighting, 
• Constructors • Industry 
Associations  
• Regulators 
• Occupants 
• Energy retailers 
• Financiers 
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solar hot water 
systems, shade 
systems, 
landscaping) 
• Software 
developers 
• Research & 
Education 
Providers 
• Media 
     
Innovation 
Opportunities 
• Increase awareness of benefits,  knowledge and expertise in PED by 
decision-makers and end-users 
• Increase environmental performance (and PED) requirements for buildings by 
clients and local planning authorities 
• Increase minimum building code standards by regulators 
• Increase incentives for PED by government agencies 
• Increase knowledge of PED by other stakeholders 
  
 
CARBON-NEUTRAL PRECINCTS (CNP) 
 
Benefits • Increase community sustainability (environmentally, socially, economically) 
  
Stakeholders Decision-makers Suppliers End-users Other* 
 • Local planning 
authorities 
• Owners/clients  
 
• Research 
Providers 
• Manufacturers 
(various) 
• Designers • Regulators 
• Occupants 
• Community 
• Financiers 
• Education 
Providers 
• Media 
     
Innovation 
Opportunities 
• Increase awareness of benefits,  knowledge and expertise in CNP by 
decision-makers and end-users 
• Introduce new processes to support CNP choices by decision-makers 
• Increase knowledge of CNP by other stakeholders 
  
 
SUSTAINABILITY PRODUCTS (SP) 
 
Benefits • Reduce environmental impact of building and construction materials 
  
Stakeholders Decision-makers Suppliers End-users Other* 
 • Designers 
• Owners/clients  
 
• Manufacturers 
(solar energy, 
wind energy, 
materials) 
• Energy retailers 
• Constructors • Industry 
Associations 
• Regulators 
• Sustainability 
Certifiers 
• Research & 
Education 
Providers 
• Media 
     
Innovation 
Opportunities 
• Increase awareness of benefits,  knowledge and expertise in SP by decision-
makers and end-users 
• Increase environmental performance (and PED) requirements for buildings by 
clients and local planning authorities 
• Increase minimum building code standards by regulators 
• Increase incentives for SP by government agencies 
• Increase knowledge of PED by other stakeholders 
  
 54
  
 
CONTROL AND MONITORING SYSTEMS (CMS) 
 
Benefits • Reduce construction and facility management costs 
  
Stakeholders Decision-makers Suppliers End-users Other* 
 • Designers 
• Constructors 
• Owners/clients  
 
• Manufacturers • Constructors 
• Facility 
Managers 
• Research & 
Education 
Providers 
• Media 
     
Innovation 
Opportunities 
• Increase awareness of benefits,  knowledge and expertise in CMS by 
decision-makers and end-users 
  
* “Other” stakeholders include secondary decision-makers, suppliers and end-users as well as 
knowledge brokers & beneficiaries of emerging technologies. 
Stakeholder Definitions 
Community - People (other than those stakeholders listed below) with an interest in, or who are 
impacted by, built environments in a local or regional area.   
Constructors - Civil & building construction service providers, major contractors & sub-contractors, 
including industry associations & their member organisations (incl SMEs), workers & unions. 
Designers - Architecture, urban planning, engineering (civil, structural, mechanical, electrical, 
environmental), cost planning, and landscape architecture service providers, including industry 
associations and their member organisations (incl SMEs). 
Energy Retailers - Producers and suppliers of electricity and gas services (retailers of solar energy 
products included in manufacturers). 
Facility Managers - Service providers managing built assets on behalf of owners of infrastructure and 
buildings, including industry associations & their member organisations (incl SMEs), workers & unions. 
Financiers - Agents involved in money lending, financing, investing or financial management for 
projects or assets. 
Insurers - Agents involved in indemnifying losses on projects or assets. 
Manufacturers - Producers and suppliers of physical inputs to built environment projects or assets 
(including solar energy products). 
Media - Producers and suppliers of online, print and broadcast communication materials (includes 
industry and specialist publications). 
Occupants - People living or working in buildings. 
Owners/clients - Owners of infrastructure and building assets including industry associations and 
their member organisations, including private and  public organisations that develop buildings & urban 
precincts for sale to third parties, including industry associations and their member organisations (incl 
SMEs) 
Regulators - Local, State and/or Federal Government Agencies responsible for planning,  regulation, 
and development of built environments. 
Research and Education Providers - Providers of scientific and training services. 
Software Developers - Producers and suppliers of computer-based products. 
Sustainability Certifiers - Providers of sustainability rating services such as Green Building Council 
of Australia, Australian Green Infrastructure Council, NABERS steering committee (incorporating the 
Australian Building Greenhouse Rating). 
Transport and Logistics Operators - Service providers managing the movement of goods, 
information and other resources on projects. 
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Figure 2 offers a simplified visual representation of the stakeholder engagement roles emerging out of 
this analysis. This stakeholder map is not a depiction of current or actual stakeholder engagement 
levels; rather, it aims to segment the large number of stakeholders identified across multiple emerging 
technologies into target knowledge exchange groups.  Relating this map back to Figure 1 earlier, it is 
clear that the greatest opportunity for high level stakeholder engagement necessary for innovation 
improvements is likely to rest with knowledge exchange activities that target owners, clients and 
designers. In this task, industry associations, sustainability certifiers, research and education 
providers, and the media present existing knowledge exchange pathways for this industry.     
Figure 2: Emerging Built Environment Technologies: Stakeholder Map 
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4. CONTENT ANALYSIS: INFORMATION ON EMERGING INNOVATIONS 
As emerging technologies, there is understandably limited ability to measure and compare the precise 
take-up rates of these innovations within the current Australian built environment market.  Content 
analysis offers a simple and cost-effective technique that can be used to map technology take-up 
through mapping the level of references to innovations in publications.  A content analysis of written 
articles referring to the emerging technologies identified in Part 1 of this study was undertaken across 
multiple platforms to gauge the extent to which the innovations had progressed from research to 
specialty, and public levels of discourse.   
Methodology 
The frequency of published references to innovations was used as a proxy to track the progression of 
the technology itself into mass markets.  Though not mutually exclusive forms of communication, 
research publications, online webpages and print media do nonetheless reflect a general discursive 
progression from academic through to specialty and mass (public) audiences.  In general, over time, 
we would expect the number of internet references to increase as an emerging technology is adopted 
by increasing numbers of end-users.  Likewise, we would expect the number of news articles to 
increase (albeit at a much lower scale) as the innovation becomes more mainstream.  
Reduced ambiguity in nomenclature is a reflection of the relative penetration of technology into a 
market and emerging technologies may take time before a single agreed term is used to refer to them 
(for example, “building information modelling” in Australia is commonly referred to as “virtual building 
and construction” in the United States).  Nonetheless, we would still expect a consistent trend across 
the different publication mediums using the various terms.  A similar argument holds for technology 
categories.  There may well be more references to individual technologies such as “solar panelling” 
than for “sustainable products” as a category, but we would expect there to be a similar discursive 
trend in the number of references to both. 
In this study, each technology term was searched across a range of news, online and academic 
publications. Australian news (including mass media and industry) publications over the last 24 month 
period were searched using the Factiva research database and technologies ranking highly against 
this measure were taken to have already entered a mass public discourse.  Searches were also 
applied across Australian web pages using Google.  Lastly, a search of research articles was made 
using the Academic Research Library database, with technologies ranking highly in this category 
taken to reflect the depth of technical information available  on each topic.  The results of these 
searches are summarised in Table 2, following. 
The use of content analysis as a tool to review technology adoption is relatively novel, and is obviously 
limited in that it neglects to assess “real” end-user take-up rates.  While the latter was outside the 
scope of this study, this simplified approach also overlooks a number of complicating factors such as 
precise terminology used or issues or public controversy or newsworthiness that may inflate figures.  
For example, recent severe bushfires in Victoria and floods in Queensland may offer some explanation 
as to why there were a disproportionately high number of news articles on extreme weather-proofing 
technology compared to web pages offering information on these technologies.  In the context of 
technology adoption, however, these weaknesses can also be used to point to knowledge exchange 
opportunities, such as there is likely to be a high level of public interest in extreme weather-proofing 
that is not currently being met by readily accessible information.  As in this example, the aim of this 
exercise is not to draw quantitative comparisons between the relative success (or otherwise) of 
innovation practices in this industry, but rather to build a general sense of potential knowledge 
exchange opportunities that might be used to overcome adoption barriers for emerging sustainability 
technologies. 
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Table 2: Information on Emerging Innovations 
Innovation News 
Articles 
Web Pages Research 
Articles 
Low Adoption Barriers: Motivate    
Passive design 
- search term: passive design 
148 75,400 153 
Information Gaps: Educate    
Extreme weather-proofing technology 
- search term: (fire or flood or cyclone) proof and 
(design or construct or build) 
57 1,160 16,641 
High Adoption Barriers: Communicate    
Sustainability products 
- search term: (sustainable or sustainability) 
product 
19 511,000 71,213 
Control and monitoring systems 
- search term: (building management system) or 
(construction control system) 
13 269,000 8,584 
Complex Adoption Environments: Cultivate    
Building information modelling 
- search term: building information modelling 
4 288,000 1,614 
Off-site manufacturing 
- search term: off-site (manufacture or 
manufacturing) 
1 270,000 2,648 
Carbon-neutral precincts 
- search term: carbon neutral (city or cities) 
12 785 211 
Total  254 1,415,345 101,064 
 
From Table 2, we can assess the amount of information currently available to stakeholders in different 
domains.  A brief analysis of information availability for each innovation has been summarised in the 
following table, along with a range of potential knowledge exchange opportunities. 
Table 3: Knowledge Exchange Opportunities 
 
PASSIVE DESIGN 
Information Assessment Innovation Opportunity Knowledge Exchange 
Opportunity 
• Low-tech innovation that 
has a high level of publicly 
accessible information 
available to the public and 
high levels of industry and 
public interest.   
• Increase take-up rates of 
passive design technology 
by late-adopters through 
increasing government 
incentives and minimum 
building code levels in line 
with industry best practice.   
• Partner with industry, research 
and government to increase 
minimum building standards 
and incentives to encourage 
passive design innovation. 
   
 
EXTREME WEATHER-PROOFING TECHNOLOGY 
Information Assessment Innovation Opportunity Knowledge Exchange 
Opportunity 
• Well supported by  
technical information; 
however, this information is 
not readily available to the 
public despite high levels of 
interest. 
• Facilitate early adoption of 
weather-proofing 
technology by industry, 
particularly as it relates to 
domestic dwellings 
• Translate and re-package 
technical information 
resources into readily-
accessible formats for 
inclusion in industry 
information resources and 
education programs.   
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SUSTAINABILITY PRODUCTS 
Information Assessment Innovation Opportunity Knowledge Exchange 
Opportunity 
• A technical innovation that 
is extremely well supported 
by a wide range of 
technical and publicly 
accessible information, but 
is discussed relatively little 
in mass media.   
• Increase take-up rates of 
passive design technology 
by late-adopters through 
increasing government 
incentives and minimum 
building code levels in line 
with industry best practice. 
•  Overcome technical 
complexity involved with 
these technologies to 
bridge decision-making by 
industry end-users.   
• Partner with industry, research 
and government to increase 
minimum building standards 
and incentives to encourage 
passive design innovation. 
• Synthesise and simplify the 
information available and 
present it as simple choices as 
part of industry information 
campaigns.   
   
 
CONTROL AND MONITORING SYSTEMS 
Information Assessment Innovation Opportunity Knowledge Exchange 
Opportunity 
• Technical innovations that 
are supported by a range of 
technical and publicly 
accessible information, but 
discussed relatively little in 
the media.   
• Overcome technical 
complexity involved with 
these technologies to 
bridge decision-making by 
industry end-users.   
• Synthesise and simplify the 
information available and 
present it as simple choices as 
part of industry information 
campaigns.   
   
 
BUILDING INFORMATION MODELLING 
Information Assessment Innovation Opportunity Knowledge Exchange 
Opportunity 
• A specialist innovation that 
is supported by a range of 
publicly accessible 
information. 
• Increase adoption of BIM 
by overcoming 
interoperability and 
integration issues through 
shared protocols. 
• Partner with industry, research 
and government to develop 
standardised protocols for 
BIM. 
• Use infrastructure projects to 
facilitate BIM adoption through 
procurement processes that 
stipulate BIM on projects, but 
which also share technology 
risk and facilitate education 
and knowledge sharing 
processes to support its 
adoption. 
   
 
OFF-SITE MANUFACTURE 
Information Assessment Innovation Opportunity Knowledge Exchange 
Opportunity 
• A specialist innovation that 
is supported by a range of 
publicly accessible 
information. 
• Increase adoption of off-site 
manufacturing by providing 
specialised technical 
support. 
• Partner with end-user groups 
to facilitate adoption of off-site 
manufacturing on projects 
through linking end-users with 
suppliers and logistics and 
facilitating knowledge sharing 
processes to support its 
adoption. 
  
 59
 
CARBON-NEUTRAL PRECINCTS 
Information Assessment Innovation Opportunity Knowledge Exchange 
Opportunity 
• A relatively low-tech 
concept (albeit one that is 
enabled by many complex 
innovations) that has 
limited accessible 
information, but high levels 
of public interest. 
• Increase adoption of green 
urbanism through social 
networking technologies to 
facilitate knowledge sharing 
processes. 
• Partner with industry, research 
and government to implement 
carbon-neutral precincts. 
• Establish community-driven 
knowledge exchange 
mechanisms to drive carbon-
neutral community outcomes. 
   
 
By definition, the seven sustainable groups identified reflect existing (emerging) innovations, but an 
industry knowledge exchange mechanism must also cater for future innovations that have not yet 
been invented or identified.  This eighth category of innovation, future unknown innovations, also 
represents a key knowledge exchange opportunity for the BEIIC as no current mechanism exists 
within this industry for encouraging new innovations.  The knowledge exchange strategy outlined in 
this report includes a mechanism to monitor continued emerging innovations over time.   
The Innovation Message 
It is important to note that the term “innovation” is a high-level outcome that actual end-users within the 
industry are unlikely to identify with.  Identification of a problem-driven (that is, solution-oriented) 
outcome such as “sustainability” for innovation initiatives provides a more useful framework for 
targeting end-users.  Furthermore, given that complex industry goals (such as sustainability) are rarely 
addressed in the narrow terms of a single research project (and despite the fact that a great amount of 
information on sustainable practices already exists in the public domain), a major challenge for an 
effective knowledge exchange strategy is to provide a mechanism to translate existing knowledge into 
ready-to-use formats for end-users, which includes identification of the innovation messages that are 
likely to resonate with end-users in this context.  The theme cloud in Figure 3, below, gives some 
suggestion as to what the built environment sustainability innovation message might be. 
Figure 3: Subject Themes for Emerging Innovations 
 
While it is often assumed that economic incentive is the principal driver for innovation decisions, a 
discursive analysis of the actual words used in publications to discuss the emerging innovations 
identified in this project suggests that this relationship may not be as straightforward as previously 
thought.  The word “cost” appeared as the only economic term, and appeared less frequently than 
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most of the 150 frequently used words across 254 news articles examined for this report.  By contrast, 
the dominant themes in this analysis were aligned much more closely with sustainable lifestyle 
decisions relating to terms such as “energy”, “environment”, “water”, “people”, “living” and of course 
“sustainable” itself.  The most frequently used terms of “home”, “building”, “design” and “house” 
suggest that the issue of sustainable innovations is aligned closely with the building design function by 
stakeholders.  These thematic relationships support the recommendation in this report to target 
owners, clients and designers in an industry knowledge exchange strategy and suggest that lifestyle 
may be a stronger message than cost in encouraging sustainable innovation for emerging built 
environment technologies.   
5. REVIEW OF EXISTING INDUSTRY KNOWLEDGE EXCHANGE MECHANISMS 
A selection of innovation resources available to the Australian built environment industry and globally 
were reviewed to assess their effectiveness as potential knowledge exchange mechanisms. The 
innovation resources reviewed in this section include information and networking resources supporting 
industry innovation, as well as organisation that provides other innovation services to industry.   A total 
of twelve resources were reviewed, including: 
• Constructing Excellence, United Kingdom 
• Enterprise Connect, Australia 
• Constructing Excellence, New Zealand 
• Modern Built Environment Knowledge Transfer Network, United Kingdom 
• Your Building, Australia 
• Your Home, Australia 
• Choice Green, Australia 
• Ecospecifier, Australia 
• Archicentre, Australia 
• Engineers Australia Sustainability Portal, Australia 
• Innovation Xchange, Australia 
• Local Power, Australia 
Knowledge Exchange Ratings 
Each innovation resource was given a score of 1-5 (represented by ticks) according to its overall 
effectiveness as a potential knowledge exchange opportunity for Built Environment industry 
stakeholders based on the information provided on their public online website against the features 
below.  As a review of their knowledge exchange potential, this assessment was not concerned with 
their intended or other purposes, nor indeed with the resources’ actual effectiveness as tools for 
innovation uptake.  Indeed, many of these resources were designed principally to serve as one-way 
information rather than networking resources; however, they have been included to demonstrate the 
distinction between these two functions and also to highlight their potential as repositories for 
information on innovations identified in this project.  Given the importance of networks to the process 
of knowledge exchange, resources that did not serve to facilitate direct interaction amongst 
stakeholders were not awarded more than 2 ticks.  Overall assessments of 4 or 5 were the best 
performing innovation resources. The knowledge exchange mechanisms that follow were profiled 
against the following characteristics: 
• Nature and purpose of the resource 
• Target end-users for the resource 
• Focus on small and medium-sized enterprises 
• Funding base 
• Quantity and quality of information available 
• Recency of information resources 
• Subscriptions reducing access to information resources 
• Education and training initiatives 
• Ease of navigation and user-friendliness of the website 
• Networking features facilitating interaction amongst stakeholders 
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--------------------------------------------------------- 
 
Constructing Excellence (CE)   
UNITED KINGDOM 
Knowledge Exchange Rating:  33333 
 
URL http://www.constructingexcellence.org.uk/ 
purpose Innovation portal and corporate website for the organisation, 
Constructing Excellence, responsible for improving innovation in the 
UK built environment industry.  
target Cross-sector construction industry stakeholders 
SME focus Yes 
funding base • Large industry membership subscriptions  
• Commercial and government project funding – CE was 
originally set up with a 3-year government grant of £9.5 million 
in 2003 (approx. AU$20 million in today’s dollars) 
• Publication income 
information • Publications – industry, research and corporate, internal and 
external (some publications are offered “free” to subscribers 
where CE covers the publisher charge) 
• Industry toolkits 
• Best practice case studies and demonstration projects 
• Projects – internal 
• News and events – industry, networks and corporate 
recency Frequently updated 
subscriptions Mixed – no cost to subscribe 
education No 
ease of use High 
networks • Six industry-led forums provide strategic engagement 
opportunities for CE members on industry, sector and national 
issues 
• CE networks encourage networking at regional and club 
levels, facilitating networks, news, events and demonstrations 
for members. 
• Online discussion forums 
• Online social networking: Twitter 
• Video streaming: YouTube 
 
--------------------------------------------------------- 
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--------------------------------------------------------- 
 
Enterprise Connect   
AUSTRALIA 
Knowledge Exchange Rating:  333 
 
 
URL http://www.enterpriseconnect.gov.au 
purpose To help Australian SMEs become more innovative, efficient and 
competitive 
target • Manufacturing, creative industries, clean energy, mining, 
defence industries, remote regions, and innovation regions 
SME focus Yes 
funding base Australian government (innovation grants offered to SMEs) 
information • Business reviews 
• Advisory services 
• Research placements 
• Case studies 
• Events 
recency Infrequently updated 
subscriptions No 
education No 
ease of use Moderate 
networks • Links to business, technology and research experts 
• Facilitate joint venture business development opportunities 
 
--------------------------------------------------------- 
Constructing Excellence (CENZ)  
NEW ZEALAND 
Knowledge Exchange Rating:  333 
 
 
URL http://www.constructing.co.nz/ 
purpose Website for the organisation, Constructing Excellence in New Zealand 
that has the aim of identifying and disseminating industry best practice 
in the NZ construction industry.  
target Cross-sector construction industry stakeholders 
SME focus No 
funding base • Consulting services 
information • Publications – industry 
• Projects – internal 
• Case studies 
• Links to other websites 
• News and events – internal 
recency Infrequently updated 
subscriptions No 
education The Academy of Constructing Excellence (ACE) offers professional 
development opportunities and short courses for industry 
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professionals towards a Diploma in Managerial Excellence in 
Engineering & Construction. 
ease of use Moderate 
networks • A Construction Clients’ Group offers a networking and 
learning opportunity for construction client members 
• Case studies may be submitted on the CENZ website 
 
--------------------------------------------------------- 
Modern Built Environment Knowledge Transfer Network 
(MBEKTN) 
UNITED KINGDOM 
Knowledge Exchange Rating:  333 
 
 
URL http://www.mbektn.co.uk 
purpose Knowledge transfer portal established to stimulate technology-
enabled innovation within the UK built environment industry 
target Stakeholders from built environment industry, research and 
technology organisations 
SME focus No 
funding base • One of 23 KTNs funded by the UK Government’s Technology 
Strategy Board (TBS) out of the Department for Innovation, 
Universities and Skills. 
information • Publications – industry, research and corporate, internal and 
external 
• “Knowledge Summaries” (brief research reviews) 
• Case studies 
• Links to other websites 
recency Infrequently updated 
subscriptions Mixed – no cost to subscribe 
education No 
ease of use Moderate 
networks • Workshops and events 
• Discussion forums 
• Access UK researchers and research capability 
• Find new technologies and business partners 
• Video streaming: conference feeds 
 
--------------------------------------------------------- 
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--------------------------------------------------------- 
Your Building 
AUSTRALIA 
Knowledge Exchange Rating:  333 
 
 
URL http://www.yourbuilding.org 
purpose Information portal for sustainable commercial building 
target Cross-sector commercial building industry stakeholders 
SME focus No 
funding base • Funded by the CRC for Construction Innovation and the 
Australian Sustainable Built Environment Council (now hosted 
by the Property Council of Australia) 
• Industry sponsorship 
information • Publications – industry, research and corporate, internal and 
external 
• Case studies 
• Strategies 
• News –  industry 
recency Updated as required 
subscriptions Yes – no cost to subscribe 
education No 
ease of use Low 
networks No 
 
--------------------------------------------------------- 
Your Home 
AUSTRALIA 
Knowledge Exchange Rating:  33 
 
 
 
URL http://www.yourhome.gov.au/ 
purpose Information resources on sustainable building 
target Owners, designers and builders of domestic dwellings 
SME focus Yes 
funding base • Funded by the Federal Government Department of 
Environment, Water, Heritage and the Arts 
• Publication revenue 
information • Publications – books (renovation guide and technical manual), 
and Sanctuary magazine 
• Renovation, technical fact sheets and articles (online content 
from publications, above) 
• Online home efficiency (energy and water) caculators 
• Case studies 
• Link to other websites – energy rating tools, appliance rating 
tools, material selection tools, checklists, Federal solar hot 
water rebate website 
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• News - internal 
recency Infrequently updated 
subscriptions No 
education No 
ease of use High 
networks No 
 
--------------------------------------------------------- 
CHOICE Green 
AUSTRALIA  
Knowledge Exchange Rating:  33 
 
 
URL http://www.choice.com.au 
purpose Information resources and independent product reviews on a range of 
sustainable products (including energy and water within the built 
environment area) 
target Public consumers 
SME focus No 
funding base Funded by Choice magazine and online subscriptions 
information • Product reviews and articles 
• Fact sheets 
recency Frequently updated 
subscriptions Mixed – some information available at no cost 
education No 
ease of use High 
networks No 
 
--------------------------------------------------------- 
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--------------------------------------------------------- 
Ecospecifer 
AUSTRALIA 
Knowledge Exchange Rating:  333 
 
 
 
URL http://www.ecospecifier.org 
purpose Online data, knowledge base and independent product reviews on 
sustainable products 
target Building and design professionals 
SME focus Yes 
funding base • Ecospecifier subscription  
• Consulting income 
• Training income 
information • Product reviews 
• Information on prioritising sustainability factors for products 
• Technical guides 
• Advice on sustainability product rating schemes 
• Case studies 
• Links to sustainability software downloads 
• Links to sustainable development guidelines 
• Testimonials 
• Links to other websites 
recency Frequently updated 
subscriptions Mixed – some information available at no cost 
education Yes – face-to-face and self-paced professional development and short 
courses available 
ease of use High 
networks No 
 
--------------------------------------------------------- 
Archicentre 
AUSTRALIA 
Knowledge Exchange Rating:  333 
 
 
URL http://www.archicentre.com.au 
purpose Information resources on sustainable design 
target Home owners and builders 
SME focus Yes 
funding base • Australian Institute of Architects 
• Design services income 
information • eBooks 
• Fact sheets 
• Articles 
• Design advice 
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• Case studies 
• Testimonials 
• Discussion papers 
• News – internal 
• Links to other websites 
recency Frequently updated 
subscriptions No 
education Yes – free seminars for home owners across Australia, online 
streaming audio seminars 
ease of use High 
networks • Public seminars 
• Locating architects or tradespeople 
 
--------------------------------------------------------- 
Engineers Australia Sustainability Portal 
AUSTRALIA 
Knowledge Exchange Rating:  3 
 
 
 
URL http://www.engineersaustralia.org.au/sustainability/portal/ 
purpose Information portal on sustainable engineering 
target Engineers 
SME focus Yes 
funding base • Engineers Australia 
•  Society for Sustainability and Environmental Engineering 
information • Links to other websites 
recency Infrequently updated 
subscriptions No 
education No 
ease of use Moderate 
networks No (although Engineers Australia serves a range of professional 
networks) 
 
--------------------------------------------------------- 
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--------------------------------------------------------- 
Innovation Xchange 
AUSTRALIA 
Knowledge Exchange Rating:  33 
 
 
 
URL http://www.ixc.com.au 
purpose Not-for-profit open innovation service to link creators of new 
innovations to research, government and commercialisation 
organisations 
target Cross-industry research, innovation and entrepeneurship 
stakeholders: SMEs and start-ups, researchers, government 
departments, NGOs, universities, and commercialisation 
organisations 
SME focus Yes 
funding base • Government funding 
• Innovation brokerage services 
• Fast Thinking magazine subscriptions 
information • Testimonials 
• News – innovation industry 
• Links to other websites 
recency Infrequently updated 
subscriptions No 
education No 
ease of use Moderate 
networks “Innovation Community” forums run for high-value innovation areas 
(such as pharmafood and nanotechnologies; not built environment) 
 
--------------------------------------------------------- 
Local Power 
AUSTRALIA 
Knowledge Exchange Rating:  33 
 
 
 
URL http://www.localpower.net.au/ 
purpose A community-driven not-for-profit organisation which pools resident 
group resources to obtain cheaper pricing on solar energy for houses 
target Home owners 
SME focus No 
funding base • Brokerage fees  
information • Articles about solar energy and Government rebates 
• Links to other websites 
recency Regularly updated 
subscriptions No 
education No 
ease of use Moderate 
networks No 
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SWOT Analysis 
An analysis across the communication resources profiled above identifies a range of strengths, 
weaknesses, opportunities and threats to future knowledge exchange innovation initiatives for the built 
environment industry, as summarised below.  The knowledge exchange strategy that follows aims to 
address or mitigate each of these issues, as relevant. 
Strengths 
• Resources offering the highest levels of two-way communication were generally those with 
substantial organisational-level resources to support wider knowledge exchange activities, 
reflecting that it is the structure and activities at work behind the information resource that 
largely dictate the effectiveness of that resource, rather than the presence of the resource 
itself. 
• Extensive information resources that were packaged in different formats to suit different 
information needs offered the most value to end-users. 
• Most of the resources examined are well established within their target markets, with strong 
links to end-users and SMEs, and those that are integrated with broader industry resources 
are likely to be maximising their usage opportunities. 
Weaknesses 
• With the exception of Archicentre, which includes eBooks and streaming audio seminars, most 
resources failed to make use of multimedia communication technologies and were limited 
to mostly text-based resources. 
• With the exception of Ecospecifier, education and training resources were generally limited 
to external workshops or education providers.   
• With the exception of MBEKTN, links to research providers were also extremely limited. 
• A number of websites are not regularly updated, despite having been clearly designed with 
this feature in mind.  This is common where resources have been developed through project-
funding but lack long-term funding or ability to maintain the resource.   
• Subscription-based services present a significant access barrier to some information 
resources, although this was mitigated somewhat by the offer of additional benefits to 
subscribers. 
• Although the technical information presented on Your Home was of a very high quality, it did 
not fully support the decision-making process for end-users to the point of making 
recommendations over competing innovations.  Government agencies are understandably 
limited in their ability to recommend specific innovations, including products or processes, and 
are therefore not ideally placed to serve in a knowledge broker capacity for innovation in this 
industry. 
Opportunities 
• Constructing Excellence was the only resource utilising communities of practice, facilitating 
learning and practice change through formation of local networks with common development 
goals. 
• Similarly, modern online social networking technologies (including mobile technologies, 
web-based technologies such as Facebook, Twitter or YouTube, and cross-channel 
technologies) present an opportunity for improving relational ties between industry 
stakeholders, particularly amongst young professionals, but are only being used to a very 
limited extent by current knowledge exchange resources. 
• Local Power presents an example of an end-user driven knowledge exchange initiative where 
Brisbane home owners have formed local buying groups to achieve reductions (of around 
10%) in the cost of residential solar energy installation, and demonstrates a clear and 
measurable benefit of local innovation networks.  The role assumed by Local Power in the 
complex area of solar energy (one of several sustainable products discussed in Part 1 of this 
report), as it takes responsibility for group formation while also acting as knowledge broker, 
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product reviewer, and product buyer, is possibly as much part of its appeal to members joining 
the group as the financial discount itself on offer.  Having started as a community-driven 
initiative, Local Power has developed into a not-for-profit income-earning SME in its own right, 
and demonstrates the potential for the industry to create new business opportunities through 
developing its innovation partnerships. 
• Opportunity to increase cross-linkages between knowledge exchange resources, not just as 
cross-site links, but embedded content. 
• The complex information underpinning sustainability products are a major barrier to adoption 
for buyers and, as we can see from the commercial potential of product reviews demonstrated 
by Ecospecifier and, to a lesser extent, Choice Green, sustainability product reviews are a 
service that has value to end-users.  A clear gap in this market is the provision of low-cost 
sustainable product reviews to domestic building owners and designers servicing this market. 
• Enterprise Connect is a relatively recent initiative of the Federal Government that offers 
untapped potential for some sectors of the built environment industry (that is, manufacturing 
and architecture) to increase innovation by SMEs.  A knowledge exchange strategy could 
serve to strengthen links between industry SMEs and Enterprise Connect over the short term 
while, long term, working to establish a dedicated Built Environment industry Innovation 
Centre through the Enterprise Connect initiative. 
Threats 
• The cost of maintaining ongoing knowledge exchange resources is typically much higher than 
the cost of implementing it.  For example, an extensive information resource might cost 
around $200-300k to produce, but cost another $100k each year to maintain its relevance 
while also building resources and networks. 
 
6. BUILT ENVIRONMENT KNOWLEDGE EXCHANGE STRATEGY 
Vision:  
Increase sustainability outcomes for Australia’s built environment industry through improved innovation 
by built environment industry stakeholders, particular amongst small and medium sized enterprises 
(SMEs).  
Mission: 
Add value to existing industry knowledge exchange mechanisms in ways that will facilitate knowledge 
sharing and collaboration opportunities amongst stakeholders. 
Goals: 
• Increase the profile of built environment innovation on national and industry agendas 
• Add value to existing industry networks and knowledge exchange mechanisms 
• Increase adoption rates and shorten adoption timeframes for sustainable innovation 
• Increase returns on investment in sustainability innovations by industry SMEs 
• Increase private and public investment in innovation and knowledge exchange 
Aims:  
• Provide targeted sustainability information resources 
• Facilitate knowledge network opportunities 
• Showcase sustainable innovation in action 
• Broker new innovation partnerships 
• Integrate sustainability knowledge with post-secondary education resources 
• Support sustainability development through industry associations 
• Demonstrate the economic benefits of knowledge exchange activities to industry 
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Key Stakeholders: 
• Owners & Clients 
• Designers (particularly SMEs) 
• Research and Education Providers 
• Government Agencies (Local, State and Federal) 
• Industry Associations 
• Australian Building Codes Board 
• Local Planning Authorities 
• Insurance Agencies 
• Constructors and Builders 
• Facility Managers 
• Building Occupiers 
• Manufacturers 
• Software Developers 
• Sustainability Certifiers 
• Energy Suppliers 
An integrated innovation program has been developed around four targeted knowledge exchange 
projects, as outlined in the pages following. 
 
 
Knowledge Exchange Project 1: Built Environment SME Innovation Exchange 
An online resource to facilitate built environment industry innovation through communicating 
information on new and emerging sustainability innovations and supporting industry knowledge 
exchange activities. 
Innovations Targeted New and emerging industry sustainable innovations for the built 
environment industry 
Key Message Knowledge sharing Sustainable innovations  
Target Innovators Owners, clients, designers and constructors 
Key Stakeholders Industry associations 
Regulators 
Manufacturers and software developers 
Sustainability certifiers 
Enterprise Connect 
Research and education Providers 
Objectives • Increase awareness of benefits, knowledge and expertise in 
sustainable innovations by stakeholders 
• Facilitate end-user driven improvements to industry innovation 
• Increase knowledge exchange amongst stakeholders 
• Increase levels of sustainable innovation by end-users 
Outputs • Information resources on new and emerging sustainable 
innovations using multi-platform and multimedia communication 
technologies 
• Development of dynamic innovation networks using mobile social 
networking technologies 
• Flexible education resources to train decision-makers and end-
users in new and emerging sustainable innovations 
• Facilitate linkages to other innovation stakeholders such as 
Enterprise Connect 
• Broker new commercialisation opportunities using existing 
resources such as Innovation Xchange 
• Partnership developed with suppliers and sustainability product 
reviewers to provide product recommendations and cheaper rates 
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• User-driven case studies, reviews, testimonials and discussions 
• Promotion to community and industry stakeholders through local, 
state and national media. 
Timeline Ongoing 
Budget $300,000 to implement plus $200,000 per annum 
Evaluation User evaluations of knowledge exchange resources and level of reported 
adoption of sustainable innovations as a result of the resource. 
  
 
 
Knowledge Exchange Project 2: (Re-)Building Sustainably 
A project to increase adoption of passive design principles and sustainable products while (re-)building 
after extreme weather events. 
Innovations Targeted Extreme weather-proofing technology 
Passive design  
Sustainable products 
Carbon neutral precincts 
Key Message Re-building after a disaster is an opportunity to create homes and 
businesses that will be sustainable and more resilient to extreme weather 
events in the future.   
Target Innovators Home and building owners and their designers in regional areas of Victoria 
affected by 2009 bushfires. 
Key Stakeholders Victorian Government 
Federal Government 
ABCB 
Local planning authorities 
Australian Institute of Architects 
Research and education providers 
Objectives • Increase awareness of benefits, knowledge and expertise in 
sustainable innovations by stakeholders 
• Increase levels of sustainable (re-)building as part of recovery 
programs following extreme weather events 
• Decrease sustainable development costs for community-led group 
buying initiatives 
Outputs • Regional knowledge networks established with regular face-to-face 
and online interactions 
• Translate and re-package technical information resources into 
readily-accessible formats for inclusion in industry information 
resources and education programs.   
• Flexible education resources to train decision-makers and end-
users in sustainable innovation 
• Increases in minimum sustainable building standards and 
development of carbon neutral precincts 
• Partnership developed with suppliers and sustainability product 
reviewers to provide product recommendations and cheaper rates 
• Case studies 
• Promotion to community and industry stakeholders through local, 
state and national media. 
Timeline 3 years 
Budget $200,000 per annum 
Evaluation Proportion of sustainable innovations used in (re-)building of homes that 
would not otherwise have been adopted. 
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Knowledge Exchange Project 3: Digital Construction 
A project to increase industry adoption of information communications technology (including building 
information modelling, off-site manufacturing, construction control and building management systems) 
through procurement requirements on major national infrastructure projects. 
Innovations Targeted Building information modelling 
Off-site manufacturing 
Construction control and building management systems 
Key Message Large infrastructure projects are an opportunity to facilitate the complex 
knowledge exchange processes required to drive adoption of innovations 
with industry-wide benefits. 
Target Innovators Project stakeholders: public clients, designers, manufacturers, constructors 
and facility managers. 
Key Stakeholders Industry associations 
Transport and logistics organisations 
Research and education providers 
Objectives • Increase awareness of benefits, knowledge and expertise in BIM 
by stakeholders 
• Drive innovation adoption through public procurement mechanisms 
Outputs • Demonstrator infrastructure projects secured as project partners 
• Sustainable innovations embedded in procurement processes. 
• Technical information resources produced in readily-accessible 
formats for inclusion in industry information resources and 
education programs.   
• Flexible education resources to train decision-makers, educators 
and end-users in sustainable innovation. 
• Ongoing technology support offered to end-users throughout 
project life. 
• Industry knowledge networks established with regular face-to-face 
and online interactions 
• Case studies 
• Promotion to community and industry stakeholders through local, 
state and national media. 
Timeline 3 years 
Budget $300,000 per annum 
Evaluation Proportion of industry SMEs that adopt innovations as a result of the 
project and re-use them on subsequent projects. 
  
 
 
Knowledge Exchange Project 4: Australian Built Environment Innovation Framework 
A project to undertake a broad industry stakeholder consultation process to develop a business model 
for a national Built Environment Innovation Framework. 
Key Message The built environment industry is Australia’s leading conduit for economic 
growth and increased innovation within this industry has the potential for 
significant national economic benefits. 
Key Stakeholders Australian Construction Industry Forum, targeting all relevant industry 
associations in the built environment industry. 
Objectives • Increase positive perceptions by external decision-makers of the 
importance of built environment industry innovation 
• Facilitate an industry-led framework for a national industry 
innovation framework 
Outputs • Development of information resources to communicate the value 
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of built environment industry innovation to the national economy 
for industry stakeholders and key decision-makers at local, state 
and Federal levels of government. 
• Promotion to community and industry stakeholders through local, 
state and national media. 
• Partner with industry to shape, implement and own the knowledge 
exchange 
• Develop a business case for a national innovation model for the 
built environment industry  
• Establishment of a dedicated built environment industry innovation 
centre. 
Timeline 1 year 
Budget $300,000 
Evaluation Industry and government support for a national built environment 
innovation framework 
  
 
Network Creation: 
Implementation of the knowledge exchange projects above will be most successful if they involve the 
formation of industry networks (formal and informal) as part of a participatory engagement framework.  
Without the engagement of end-users in further developing the projects’ scope and implementation, 
project outputs are much more likely to become tools that sit on industry’s shelf, rather than applied as 
tools in practice, as is the strategy’s aim.  End-users will be required to steer, and industry champions 
needed to propel, the change management process required for each project, thereby ensuring that 
the outputs delivered are the best fit for end-users’ needs and are practical in the sense of being 
responsive to stakeholders’ ability to deliver the knowledge exchange strategy’s goals.   
Ideally, project networks would take the form of communities of practice and be self-selecting; 
however, the formalisation of project objectives may necessitate a combination of self-selection and 
encouragement.  Further issues of network design should be considered as part of each project’s 
development, and could be aligned with a research project if there was an opportunity to do so.  The 
major challenge for the Council in establishing these projects is the absence of a dedicated industry 
knowledge exchange custodian; however, industry associations (in particular, the Australian Institute 
of Architects), research and education providers, and sustainability certifiers would be appropriate 
knowledge brokers to this end.  
Funding Opportunities: 
Given its focus on sustainable outcomes, it would be somewhat self-defeating if the knowledge 
exchange resource wasn’t itself sustainable.  Although significant government program funding would 
be the most likely source of establishment funding for an industry innovation centre, developing a 
separate funding base (that is, one that is less reliant on government program funding over time) will 
be an important element in the industry’s own sustainability capacity.  While the Australian built 
environment market is arguably too small to support a large-scale innovation program, it should 
nonetheless be able to form partnerships with private industry towards self-sufficiency within a realistic 
timeframe of 5-7 years, providing sufficient time to demonstrate tangible benefits and measurable 
results to stakeholders. 
If knowledge is one of the industry’s most important assets, and innovation is one of its most important 
skills, then effective knowledge exchange services must too have their value for industry.  Existing 
knowledge exchange resources available to the global Built Environment industry (reviewed in the 
previous section) indicate a number of opportunities for income revenue streams that would present 
opportunities for a future Australian innovation centre for the industry.  These and other future funding 
opportunities from both the private and public sectors could include: 
• Private and public industry membership fees 
• Innovation project funding from industry or government 
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• Industry levy funding 
• Publication sales 
• Subscription revenue 
• Events revenue 
• Education and training revenue 
• Sponsorship 
• Advisory services 
• Product brokerage fees 
• Innovation brokerage fees 
• Consultant brokerage fees 
Of course, the work involved in obtaining funding for these activities is itself a resource-intensive 
exercise, and it would be reasonable to expect around 10% of the budget for a coordinated knowledge 
exchange program to be geared towards the task of perpetuating income over the long term. 
7. FUTURE STRATEGIC OPPORTUNITIES: 
Arguably the greatest challenge facing the industry in relation to innovation initiatives lies in its own 
innovation infrastructure, such as the clear lack of a coordinated industry innovation system.  The 
recent establishment of the Built Environment Industry Innovation Council highlights the Government’s 
support for innovation in this industry; however, Australia’s Built Environment industry currently lacks a 
central custodian to direct, coordinate efforts towards, and be responsible for, the enormous task of 
driving industry-wide innovation improvements.  Current and potential organisations with such an 
innovation system include: 
• The proposed Sustainable Built Environment research centre (as a successor to the current 
CRC for Construction Innovation), if funded, would play an important part in this system by 
providing research and education expertise to drive industry innovation improvements. 
• Other organisations indirectly supporting SME-based industry innovation for this industry 
include Enterprise Connect and its industry Innovation Centres, funded by the Federal 
Government; however, a dedicated built environment Innovation Centre would no doubt 
provide greater long-term impact for this industry. 
• In other Australian industries, research and development corporations (RDCs) and industry-
owned companies present alternative models for innovation knowledge exchange, most 
funded with significant industry-government funding partnerships based in industry levies.   
• Constructing Excellence in the United Kingdom (also New Zealand) provides a well-developed 
international model for innovation leadership within the built environment industry which now 
operates on commercial and government membership and project funding. 
Innovation improvements over the long term will be dependent on the effectiveness of the industry’s 
own innovation system to drive innovation rates, and these initiatives represent a range of long-term 
strategic innovation opportunities for the Built Environment Industry Innovation Council. 
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